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FORE WOnD 

This report 11a.s lseen prepared in response to the requirelnel~ts of NASA 

Contract NAS3-8711 a s  outlined in Item 5G of Reference 7. Preflight 

trajectory and vellicle clzaracteristics and trajectory design rationale a r e  

summarized for the purpose of providing a central information docui~~ent  

for tlie At las /~en taur  AC-14 flight. All information presented is the 

best lmown a t  the time of publicatj.on (10 ~veeks  prior to the prime launch 

dzte), Ally s ignif ica~t  changes will be published at the time of occur- 

r enc e. 
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INTRODUCTION 

The intent of tlrjs report js threefold: 1) to present pre-fnjectiolz trajectory charac- 

terist ics for the AC-14 laru~ch vehicle, 2)  describe trajectory design 'ationale, and 

3) de~i~cinstrate that the trajectory is within allo~vable design limits. 

AC-14 is the fourteenth A'clas/~entaur lamcll vehicle scheduled for flight, For the 
- . - .  . . * . 1 7 .  A -  --- -...-- L L  A,. -,.A,. 

ei-=Tt> T l m p  1 ,a~~i '~rf 'vor-  hrla(:e:.~ l / i - ~  L ; ; G L J ~ ; ~ !  v v a . r l  LJ- L L A I u V v . . U  *- ----- 

transfer orbit. Lunar encountel' will occur approximately 66 hours after i~ljection. The 

basic supporting data sxd cri teria thzt ham led to the final AC-14 trajectory design a re  

presented in  the iollo~ving sections. 



SECTION L 

MISSION 

The AC-14 vellicle will be launched from Cape Kennedy with a fligl~t profile dcsigncd to 

inject a Surveyor spacecraft into an earth-to-ll~oon transfer orbit. Lwiar encounter 

~vi l l  occur approxilnately 66 hours after injection. A parking orbit mode of ascent wjll 

be flown, i. e. ,  tn7o CenZ.aur main engine powered phases i n t e r r~~p t ed  by a coast phase, 

Fliglit profile design will enecllnpass lau~ch-on--time features required to conzpensate 

for c1zaugi:ing cal-tli-moon geometry in tlie cveilt of launcll delays. 

A summary of major parameter constraints and requirel~lellts is given in Table 1-1. 

Parameter ranges indicated a r e  operating limits, The actual parameter values will be 

. , 
: s i ~ n o n - [ ~ x \ r /  I : J I I I J ~ . I I - I . J  l l t r  ~AL:IJGILUGLLI , .  

Table 1- I. b4ission Parameter S ~ ~ i n m a r y  
--- --------a 

Prilnary La~ulch Period 11 /5 /~7  tlirougli 11/12/67 (GMT) 

Launch Mode Parking Orlsit Ascent 

ETR Launch Site Con~plex 3693 

Launch Azimuth sector1 78 through 115 dcg2 

X)arl.ring Orbit Coast ~ i i n ~ e l  116 sec (milrimurn) through 25 min 
(maxi mum) 

Par13ng Orbit Altitude 9 0 11 . iiii . 
Iiijectjon i'1.ue Anou~aly (MTICO 2) m 4 deg 



, .  
iJ i ISSION l 'T<f, 1 ,  ------ --- 

l,r,LIlered flig:<,< * : r,e has been shaped to masiizrizc p3ylct3d cap:il~ility ~iitlu'n the 

, . bed ~llissior, , - ,,' liguration , md trajectory constrzinls, The key fcatures of Ira- 

,.. :-y optimizatA=- : IJ~ design are presented in Section 6 of this report, F i g ~ r e s  1-1 

, 2 -2 illustrate ; -., ;,o'.vered-ascent flight profile and tlle overall in-plane ti-ajectory 

, e for lunar 6 - , ,;enter. Figure 1-3 depicts the earth g~otuld-trace envelope, dur- 

:ile initial 15 i,,, , '-, of flight, for the 78- to 115-degree launch azinluth sector. 

,. / 3 t l a s / ~ e ~ ~ t a ~ A t  * oriiiguration r i s e s  verticzlly from liftoff (defined a s  2-inch lliotion 

;i , ~ e  the laullcll r,-, *, , uiltil 15 seconds of flight time has elapsed. During tile last 13 

,,(,rids of this ircit,. /a1 the Atlas-stage flight control system rolls the vehicle from the 

,,ic]ler-aligned :, / .  ! c ~ u t l ~  to the desired flight azimuth. The vehicle then executes a 

, ( c.:jrogra~~~med J,;:,/ h maneuver in the downrange direction. Termination of the booster- 

, ,:;he flight is inii, :,b:d hy a staging discrete (BECO) issued by Centaur gi~daulce when 

. . - .  
., ::cceleratioll ]r:-;c 1 01 a .  r .g b 1s bcirseu. fi I J ~ L I L L L ~  b ~ a t ; l l l g - ~ u l I ~ u l a ~ ~  UlbllLLl rlv 

,,(;id 13y an Atla:: ,f.:~i:ct a ~ c e l e r o l n e t e ~  at  a preset  level of 5.90 g's.  The booster pack- 

.,: is jettisoiled ::. J iicconds after the stag3i1.g discrete is issued. 

I , ,ltaur-guidancc ,,i ( (.ring signals a r e  admitted lo the Atlas-stage autopilot eight sec- 

, i . , ! s  following JJJ (.( J ,  :and the systelll operates in a closed-loop lllode throughout the 

, , , ,- ,~inder of t]lc ~!l;:lit. Durjng the sustniner-phase flight, insulation panels and nose 

,, ,*jng a r e  jetti:,r,rlc '1. The sustainel- phase is l-ei*l~~hated a discrele (SECO) froln a 

,,, senso,, 1 1 1  I I t ( *  fuel rnallifold in rcsponse to oxidizer depletion and causes the 

,, x[ ;rj_ller alld vv,  l t i ~  I' c3nfiifics to bc ~ l l ~ t  d~-~'i'll, A time latcr (2 secouds) tlle Atlas 

! cii;c prog;l-am,,,c I I 11c~1'1:izes the ddcx:1.icxl clj stoln:cct, f i res  the fl e?j i> le  linear- sh;iped 

I , ~ , ~ - ~ ~ .  to S C ~ ; ~ ~ - : I / ~  / I t < '  ( : ~ l i i : i l l ~  stag:?, t i l~d  Cii7cs tljc eif;l:? i ' i l l : i~ ~c l~~: . ( ;c l ; i . l s  tc; 12acli ihc 

f :  ,;, !IT,\>{J jj(),,, I [ , <  ~ ~ ~ ~ ~ 1 t : l ~ ' f ~ ~  



Ccnt a u r  fue l  axid osicii,i,x sys f  e m ,  ckjlli!~g do.i\.n llle I~:+r.dw:rrc to prcclurle c:~vilaiion at 

Ccnl3u1- f i ~ s t  main engine s l a ~ l  (nil 1"s I) ,  

- 
The signal for starting the Centaur l i l a i r l  engi~les is issued by the guidance programmer.  

Guit la~ce steering commands a r c  nulled a i  SECO a3d readlllitted at hIES 1 + 4 seconds, 

after the engine s tar t  tl-ansient Ilas passed. Centaur first main engine cutoff (MECO 1) 

is commanded by the guidance systenl ivlze~l the required circular  orbit  jilsertion condi- 

tions for a 90-nautical illrile parking orbi t  a r e  alnlost achieved. 

Subscqttent to h/lECO 1, turo 50-pound thrust rocltets provide initial propellant settling 

and circularization of the parking orbit. After the initial propellant settling phase is 

completed a set of two S-po~ad roclrets provides a contilluous propellant level control 

throughout the parliing orbit coast phase until initiation of the p res ta r t  events for Cen- 

taur second main eilgilie burn. The vehicle attitude during parking orbit coast is 

o l i n n - J  - r i ( h  fhn inni- f i l l  x ~ a l n n i t ~ r  x r ~ n i n r  ~ r i n  q l ~ p r i n g  c n l ~ 7 l ~ ~ n d s  issued b.\r the cuidance 
- u " 

system. 

Centaur second maia engine star t  (hlES 2) is preceded by operation of the two 5 0 - p ~ ~ r n d  

rocliets to ensure positive propellant settling, During the p~:opellant settljlzg phase the 

boost pumps a r e  restarted and the main ccng2les again chilled do~vll. Gw'dance steering 

commands a r e  nulled during the first f o ~ ~ r  seconcis of inail1 engii2e operation and then 

readinitted. The Centzur second iliai11 cng2ne cutoff (1\41<CO 2) i s  C O I I I ~ I I ' W ~ C ~  by  the 

guiclance sy sten1 when the required ii~jection coi~cliiions a r e  achicvocl. 

Sul~secpc~it  to ter.miil:l:.ion 01 Centnnr secoircf l)o\?icrec'i phzse, the programmer pvovitles 

timed. di:;c.:~.elcs -for: (I) selxisating f.hc spacecr:i.iIi; Croi?~ Centaur ,  (2) reorieilting 

Ccl~i.:iui- 180 tie:<~-.ec.s .\:fill :.c:i:puc.t, to ti-ie -ce;iicii.i7 \:e<:tor 31, nl::cO 2 , and (:i) venting 

~ ~ ~ . ~ ; j ~ . ~ l , ~ : j , ~ ) i , ~ ;  i]3179i.l;;17 f ::j-~!~-i;> < .  -1; [lj-,~;,-t a , ,  , . , l . s n 1 - -  c , . L c l A ~  ~ l ) ~ j ? i ;  \,'<:l~i \ r ~ i I ~ ~ ~ < ~  f01' I : C ? ~ , I ; C ) ~ ~ I . ? - \ ~ C ; ~ , ~  
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1.2 SEQUENCE OF EVENTS 

The sequence of events for the AC-14 ascent trajectory and assocated nonlinal times, 

-1 
i based on References 1 and 4 ,  a r e  listed in Table 1-2. Event kmes a re  presented in 

1- 

order of occurrence and a re  referenced to launch vehicle 2-inch motion (liftoff). 

Nolllinal times a r e  based on a trajectory simulation targeted for a launch date of 

11/7/67 and azimuth equal to 78 degrees. Nominal times for other azimuths and launch 

dates a r e  within 0.01 second of Table 1-2 values through Centaur main engine start. 

MECO 1 and on nominal times vary from trajectory to trajectory due to performance 

changes resulting from launch azimuth and transfer orbit energy variations with launch 

time. 

The nominal MECO 1 discrete can occur between B+ 329.4 and B+ 331.8 seconds (ref- 

erence 2). After adding a 3 a uncertainty of -7.5 and +8.5 seconds (reference 28) the 

MECO 1 discrete can now occur between B + 321.9 and B + 340.3 seconds. The Enable- 
- . -  - - - MECO and MECO-Backup discretes a re  glven aL b -t avu. LI JJ T uv-viAJ~ L u v y ~ l  - 

tively (reference 1). From Figure 1-4 it can be seen that the MECO 1 discrete is with- 

in the allowable range. 

ENABLE MECO 
MECO 

ALLOWABLE RANGE 

Figure 1-4. MECO 1 Compatibility 



Tile hll:CO 2 discrete C:UI occur no1nj113lly bciwecn D 1 112.2 m d  D t 173, G secoccls 

(reference 2). iVitl.1 a 30 u~lcertaini,y of +2, 7 seconds  ( re fe rence  28) the XIIECO 2 clis-- 

c r c t e  can now occur between D +  169, ti :u~d D t  176.3 seconds. Thc Enable-MECO and 
.+- 

ILIECO-Backup d i s c r e t e ~  a r e  given a t  D+ 143 and D t 192 seconds respectively ( re fer -  

/ 
encc 1). From Figure 1-5 it c a l  be seen that the MECO 2 d iscre te  is :Yithin t he  allo1i7- 

able range. 

ENABLE MECO 

MECO BU 
- ALLO\VASLE RANGE 

Figure 1-5. MECO 2 Compatibility 

The uncertainty range of EECO is &2.G secoads wlrich esta-blishes its lower l imi t  at  

151.1 seconds. Enable Staging occurs  a t  148 seconds which puts BECO within the 

allo\v\inble range. 



TIME (see)  
~ ~ ~ * . ~ ~ ~ ~ ~ - ~ 7 s - - " ~ c % ~ ~ - * z : i x 5 J - = -  

T - 0 

Star t  Roll 

Enci Roll 

S ta r t  Pitchover A + 15 

Enable Booster Staging A + 148 

* Booster Engine Cutoff (Guidance Discrete ,  Sfaging B +  0 
Acceleration 5.7 g 's)  

* ~ e t t i s o n  Booster Package B + 3.1  

Admit Guidance S tee r i~ lg  B +  8 

*Jettison ~nsblat ion Panels  B + 45 

Star t  Centaur Boost Punlps B + 62 

* ~ e t t i s o n  Nose Fairing B + 75 

Enable A t l a s / ~ e n t a u r  Separation B + 84 
- - - -- .. . n n 

3 U S t i t l I l e l '  f i i l g l l l C  b U L U L L  \LJllrbWP IJy I I V ~ J ~ L L L L L I ~  - .  - 
Depletion) 

Inhibit Guidance C +  0 

j P i re  Atlas Retrorocltets C +  2 

1 First P r e s t a r t  (Centaur Eng;itle Chilldown, C + 3 , 5  

; MES 1-8 see)  

* ~ i r s t  Ccnl;lur Mxin Engine SI;I.YL (MES 1) C + 11 .5  
B 

6 Admit Guidance C + 1 5 , s  

f 
El~able  F i r s t  Centaur Main Engine Cutoff C + 300 

5 

I * Fi~-si Cent;tlli' Maill Engine Cutoff (nll3CO I ,  C 4- 329.9 

GuitInilcct Discrelz) 
i 

1 S 1 2 ~ t  l i l lngc ?,Toloys (V' ) C i 3 2 9 , 9  



r 7 i :ibf c 1-2,  Sccj11cucc of I:t.cnisl (Conid) 
_ _ I _ _ _ _ _ . - _ _ _ ~ _ _ _ _ _ _ _ _  

-- - 

JiVI:NT TliL117 (scc) ?'lnIE (sec)  
-----x v*--%=M&--<r.. --" zb--P-ia-F I-* eC"- P -<* -.re--rZA .L- -- 7 * ~ m 3 2 z - a ~ - - * - & %  s - Z ~ ~ ~ - ~ ~ - ~ ~ ~ ~ ~ ~  rE?-zxaF---a 

l'iyst Centaur lZla111 Lnginne C;ulciE S1S:tcliup (AIECO 1 EL;) C i- 8T,(i,5 T k 605.3 - 
"Stop Ullage Motors (v") and Star t  Propellant SetLliiug C + 407.4 T + 656.2 

Alotors (s2 ) 

*Stop PI-ol~ellant Settling nJ0tors (S2) and Star t  Ullage D + 20 T +1449.7 
i\lolo17s (v", MES 2-40 sec)  

Stnrt  Ce11ta~n- Boost Punzps (MES 2-28 see)  D + 32 T +14G1.7 

Second Prest;mqt (Centaur Engitle Chillclown, MES D + 43 T 4-1472.7 
2-17 sec )  

"Second CeiiL~ur Main Eugine S tar t  (ME§ 2) D + 60 T +1489.7 

Inhibit; Guidance D + G O  T +1489.7 

"Second Centau~: Maill Engine Cutoff (MECO 2) and D + 173.1 T +1602.8 
Juhibit G~~ida.nce 

Secoiicl Centaur Main Eilgiiic Cutoff Bacliup (MECO D + 192 T +1621.7 
2 13U) 

* Extend Surveyor Lailclirlg Gear D + 194 T +1623.7 

* Uulocl; Surveyor Oililli Anten13as D t 204.5 T +1634.2 

" 'TLI~II on SUI-vepor I-iigh P o ~ i r e ~  Transmit ter  D -t- 225 T t-1654.7 

* Sepzr;ite S1):~cecrnft Electr ical  1)iscoimect 

" Separate Spacecraft 

t-Idnijf. Guicl~~nce 

* 5,. ,. ~11.1 I.ti.0 Dcgrcc 'i\~rna~-oui)tl 

4: SIti1.t Ijll:qy Mo!.cj-rs (V") 

4: :;to;) ?:i!:li;cl f,/l.Ql;(y~~s (17:-') 

'' :S~;I kj ] ~ { ~ ~ { , j ~ c ) ~ 1 1 1 7 1 ; ~ ~ i  

"' Zi(:(~.cif.i>i~u~i. 

>.;I:; I , [  [ '11 ;lj;cl j\7(~!;(~-,-~ (\?: ) 

8. 
l ,:~~c\i.gi .ic: I'a\:rc.-i- C!-~:ln;';i~o~~c? i. Sx.viic:l~ 
--- - - _ ____- _---l__l___-------.-- 



Targeting i s  the ti\ajectory design 131-ozetlu-re trscd 1 0  dctcrmine tile rcquij-ed narrigxtjon 

for achieving the 111-escribcci targci  coaditiorls. r1'i4s procetlure involves an itcrative 
-- 

process of iinproving starting values until tlesirc.d landing collclitio~ls a r e  met. For  

Surveyor missions, the landing condiiioi~s a r e  specified to Cornlair by the J e i  Propulsion 

Laboratory. The specified end conditions (Table 1-4) are:  s e l e i ~ o c e n t ~ i c  latitude, 

selcnocentric longitude, u~l~etarclecl lallding velocity , cad ear l ies t  lunar arr ival  t imes.  

Three end coiiditioils a r e  satisfied in tlre targeting procedure. This  requires at leas t  

three independent injection parailleters which influence the l ~ ~ n a ~  landing. The inde- 

pendent targeting variables used a r e  launch l ime,  parking orbit. coasi t ime,  and injec- 

tion energy for a g5ven launch azimuth. In the targeting procedu-re, the first three end 

coiiditions a r e  satisfied 2nd then the arr ival  time constraiilts a r e  checked. If the t a r -  

geted arr ival  time is not e q ~ d  to o r  between the specified ar r iva l  t ime constraints,  the 

unretardcd landing velocity is allowed to vary from the specified value in order  that an 

- . - T  1 2  - - - -  L - - - 2 . - L  7 - A  .--- 6 
UI I I  Y L-U Y _ L I I I "  "".I, '"L ..,,̂AA *,- *rr.,". 

The of targeting a r e  the launch-dzy-depeudent guidance coilstants, the launch- 

a z i m u t l ~ / l a ~ ~ ~ c h - t i l n e  'elationship, and performance and ti*ajectory characteristics.  The 

time-dependent launch parameters  obt,ained fro111 the targeted trajectories  a r c  assem- 

bled to forill "firing tables". Firing tables a r e  used for 

a. Esiablishjng the la~mch--day -dependent trajectory data. 

13. Establishing the launch-day-depeildelil gujdance constants. 

c .  Establishjng the larulch azimuth sctlin:;s and t!lc time illterval in which these. l a~mch  

azialuth setiin:;s can. he used. 



1.3.1 GUiDANCE COXS'ri\N?'S -. -.- ---- - --- -,- .---- 

The launch-day-dependellt guidance conslants (the J constalts) a r e  used along wit11 

launch tiilie to determine the prela~mclz guidance par  atneters used in the guidance in-- 

flight eyualiolls to generatc steering s ig i~als .  The co~nputation of the guidaracc! param- 

e te r s  takes place cluring the p r e l a ~ ~ l ~ c h  phase after t11e GO TO FLIGHT MODE signal 

i s  issued. Several hours prior  to this, the day-dependent guidance constants a r e  stored 

in the guidance computer,  and then read out for verification. 

1 .3 .2  LAUNCIl  ON TIME ----- 

The launch time required for  detern~iaat ion of the guidance prelaunch parameters  is 

calculated ivhen the GO TO FLIGI-IT MODE signal is issued. About lvo  hours p r io r  to 
- -  . - .  ' " - & ' -  I-- - ---:---1---- I Q n n 4 - i n n  1 '2 A l  c> 1 0 I I I \ I [  s~ { 1 ~~~~ ; ,c;l , bLxL,czl c l x ~  vpblrrutg L,L uAAV --A .. _--- - , - 

issued. The elapsed t ime following this signal is measured uzd stored by the guidance 

s y s t e n ~ .  M%en the GO TO FLIGHT MODE signal is received, J(I) is su1r)tracted fro111 

the elapsed tirne, and the resultillg value is used for calculation of the prelaunch pal-am-- 

e t e r s .  

For  the AC-14 nlission the CCLS (Computer Controlled Lauxch Set) will provide the 

LOT signal. The GAIT of P r ime  LOT arid the origjnal JI a r e  inputs lo the CCLS groru~d 

con~putcr .  \Ulen the LOT signal is i s s ~ ~ e c l  the difference betwceiz the current  GMT m d  

the Gh lT  of Priine LOT is calculated ancl t l ~ c  J l  ant? J S m I  co~lstailt modified accordingly. 



the voltage applied to the AtIas roll position gyro torquer. The input voltage causes the 

gyro output axis to be torqued at  a constant rate to a lmo~vn angle. The autopilot senses 

an off-null gyro output and comm:mds vehicle roll rates to null the output. This maneu- 

ver  is performed during the vertical r ise  immediately following vehicle liftoff (roll 

/ 
maneuver starts  at 2 and ends a t  15 seconds after liftoff). 

1.3.4 FIRING WINDOW 

In addition to time-dependent data for guidance and autopilot systems, data for select- 

ing firing windows a re  needed. For targeting purposes, the firing window is defined as  

the gross time interval of permissible launch, considering only 1) the established 

range safety constraints (launch azimuths of 78 to 115 degrees) and 2) basic launch 

vehicle constraints, i. e., acceptable Atlas/~entaur performance capability (for the 

specified targeting criteria and spacecraft weight) and parking orbit coast time within 

the design limits of 116 seconds to 25 minutes. 

- - -  - - -  ---- - - --- - 

While the firing windows are  established by Convair for the above constraints, launch 

windows (the time intervals during which the actual launch will be considered) a r e  based 

on additional range safety, launch vehicle, spacecraft, mission, and range support con- 

straints set by NASA/L~RC, JPL , and Coilvair . 

Data required for selecting the firing windows include the time variation of Centaur ex- 

cess propellants, the relationship of excess propellants to the probability of sufficient 

fuel aboard to accomplish the mission, and the launch-azimuth/launch-time functions. 

The relationship between Centaur excess propellants, launch azimuth, and parking 

orbit coast time a s  a function of launch time is shown in Figure 1-6 for a typical launch 

window (launch date - 11/7/67). Excess propellants are defined as the total weight of 

usable fuel and oxidizcr relnaining a1 the colnpletion of a standard nondispersed trajec- 

tory (n nominal trajectory). A ~ncgativc vrllue of exccss propella~lts represents a condi- 

tiorr where the propellant supply for a nolninal performing flight i s  depleted before the 



i e r ~ x ~ t t ~ n l  co~zditions ~:ey,u.iuerl 'lo perfornr the iniicii~tletl n ~ i s s i o ~ i  :ire reaclieci, Figtire 1-7 

preseiits n o ~ n i ~ i a l  e:ieccs propellzn.';:~ a s  a friictinn c!f the p~:.ot:cl~ility c?f su.fJ5.cient fuel 

aboard Centa.ur to perform the n~issioi i .  

*TO 

Figure 1- 6. Typical La~i lch lrJindow 



Fi r ing  windo~ii da t a ,  based on targetetl rcsulls a r e  presented i n  Table 1-3. 

LAUNCII DATE 

5 November 1967 1 
7 November 1967' 

7 November 1967 1 I 

- 1  XT ---.-- 1 --.- -sr>,-r l  
A - - . - . - - - - - - - - - - 

Noveinber 1967 J ....-----. ----- 

T;~ble  1-3. F i r ing  Yv'inrioiv Data AC-14 

FIRING ~?rr.suo~v 1 FIRING iVINDOW 
OPENING ~ 0 ~ ~ 1 7 ' 1 0 ~ ~ ~  f CL,OSING CONDITIO?IS~ 

I See definition in  Sectiorl 1 . 3.4. 
' Pnrltiilg o rb i t  coas t  t inle (POCT) is defiiled a s  t h e  t ime  interva,l f r om first Centaur 

inaiu engine cutoff to  secorrci Centaur m::in ellgiiie s t a r t .  
Liftoff t ime  (two-jnch moijon). 
Site A: 0. 83"N 1,atitude and 24. 00"E I,c?ng!'tude. 

"Si te  B: 0 .42?N Latitude and 1.33"WLo11gftude. 



Tile info? ination 1 1 ~ ~ ~ ~ o : ; t i ~ d  here in  nla:; olilajnocl f ro in  closed-loop guitl:~nce i:~rgeltc-i I ra-  

jccto1-y sinlu1:iiion d n i : ~  co:~tajnetl in  l i e f t r c n c e  2. 'I'hc AC-14 t a rge t  c ~ i t e r i a  da ta ,  
- p 

based  on R c f c r c n c c s  3 ancl 3. 1, arc  presented in  Tab le  7 -4. t , 
U 

/ 

Table  1-4,  T a r g e t  C r i t e r i a  for AC-14 

LAUNCII DATE 
DAY MONTIZ YEAR 

- 7 m - a e z m A . w a -  

J Nov. 1967 

6 Nov. 1967 

7 Nov. 1967 

LANDING LOCATION 
SE L,T<NOGI\'APIlIC 

(cl e g} (m/ s ec} 
- 2 - - - * - = -  <<--.w""-- -- --x- *--* - 

0.83N 
I I 24.0E 

'i 2635 
I 

8 Nov. 1967 

9 Nov. 1967 / 1.3311 

11 Nov. 1.3YIV / 2635 
I 

12 Nov. 1967 0.42N 
-- L -.--. ..._I-.. 1.33VI7 ( 2035 

-- 

-- P 

ARRlTr AL T I X E  
CONSTRAINTS 

EARLIEST ARRIVAL 

DATE I GhIT 

7 Nov. 1967 22  53 

8 Nov. 1967 23 30 I 
9 Nov. 1.967 23 58 I I 
9 Nov. 1967 123 65 1 

I1 Nov. 1967 100 24 

12 Nov, 1967 00 54 i 
13 Nov. 1967 0 1  24 I I 
1 4  Nov. 1967 101- 49 1 

"5 

1 . 4  TRAJECTORY PAXtZFIETERS 
----̂ -.-----..--.---..-- r̂ --._r---r5 

3 

Noi11iii31 a s c e n t  trajectory clata for t h i s  flight a r e  p r e s e n t e d  i n  F i ~ y l r e s  1 -8  and 1-9. 

These data I-cflect tyl3ical tr,?cjetorjr charac. lerist ics and a r c  based on the August  1967 

i s s u e  of thc  XIo~illily Confi::ur:~tjon, Pel-form:~l~ce, ruld 1Vejp;his St:rlus I:cport. ' 
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Altitude Geocenlr ic  alt llucis: above seicr eilce ellip soid 

IZ: tive 'elocity V elxicle speed ntjve to the ajr  

2 / Inertial Velocity VelGcle sl;cecl to a space fixed coordinate system 
I P 

h-ugle Angle b e b e e n  tlici I - C ~ Z I ~ S ' \ ~ C :  03: inertial ve!ocitgr vector and 
the loc t~l  ho rlzo~ll:iS. pl:$r!el, ~ l~easure t i  positive abosrc and 

i ;  ilegative bslo1.r ttie l~or izon td  plrae 

1 
Axial Acceleration The 1oilgi;ii.udinaJ component of tllrust l e s s  drag divided by 

i weight 
1 

f l ) ; ~ ~ ~ ~ ? - ~ i c  " I r e s s ~ r e  Aerodynalnic loztrlilrg t e rm equal to one-half the product of 
alllisient ail- density aild a-irstream velocity squared 

i 

Mach Number Ratio of vehicle speed (with respect to air) to the speed of 

-1  he local horizontal plane is a plane normal t.o ilie geocentric position vector. 

1.5 ORBITAL ELEMENTS -- Wpm- 

4 Nominal orbital elements of a) parking 01-l~it after initial ullzge settling phase, 

b) spacec, aft a t  time of segaration fro131 Celzta~rr, and c) expeulcted Centavl- stage at  

1 end of retro~naneuver a r e  smnlnal-izecl in Tahlcs 1-6,  I--7, aid 1-8 respectively, Fig- 

u r e  1-10 preseizts orbital parameter definilioas, 
1 

i 

FoZ opera~lonal Surveyor, the spacoc-~ xfl \ \ 7 i l 1  he oriented with respect to the srm and 

the s tar  Canopus. Sun o~-ieni:, ti011 \\rill be :LC: olnplislic-d s110r11y apCer spacecraft separ&- 
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retrothrust applied, The thrtrsi lorce will  l .1~ provided I ~ j r  veliti~ag f~ydvogeli res idua is  

tEl~.otq;'na ijre cllillduv,m ~ i d i ~ ~  31:d 0;iyg2ii I C S ~ ~ ~ U Z ~ S  tb~cjng11 IE:: e:zgrr,:: nozzles, The re- 

troiJirusl, duration is prograrnnlecl for 250 si~conds. ~ a 3 ' e d  on au;kXyt;ic predictions of 

tank pressure ,  thrust ,  aad flow-rate hisiories , a rnirzim-nurn s~pa-eatiorr distance of 336 

lrikorneters can Ise attaincd at ~ipproxia'razlely 2 .4  hours a f k r  injection, assuming mini- 

mum t d r -  b l o w d o v ~ ~ ~  impulse, 'rlae separation d is lmce for the nominal, maximum, m d  

mjuimrrrn irripulse cases  is shown irr Figure 1-11. 

Fimres 1-12 and 1-13 a r e  plots of the predicted t h r u s t m d  Row-rate histories during 

j r e t r o f f ~ ~ u s t .  The retuoxn;.*neu.srer sequence i.s shown i ~ .  Table 1-9. Events are refer- 
~ a 

enced from Centaur second main cngino, star% (MES 2). 







Table 1--9. Retronlaneuver Sequence 
- - --- 

EVENT TIME (sec) 

Separate Spacecraft MES 2 + 176 t 

Start Centaur Turn:~roruld 

Start Two 50-lb Engines 

End Two 50-lb Engines 

.- - .St.:ilSi.. '?::ink Blowdown 

MES 2 + 181 

MES 2 + 221 

MES 2 + 241 

MES 2 + 416 

End Tank Blowdotvn, Restart Two 50-lb Engines MES 2 + 666 -- t + 490 --.- - 

The attitude control engines (A and P engines, see ~a l ; le  8-7) will provide the thrust 

I . -fa. . 'CLI tax ,:. turnaround. D~lring Centaur tunlaround the two 50-pound thrust cng-ines 

(V engines) will provide the initial illlpulse for CentaW/spacecraft separation distance 

to preclude impingment 01 the tank 1310~d0wn exhaust on the spacccraft. Limit rate 

rluring the turnaround is 1. G degrees per second about either the pitch or  yaw axis, 

i I '  I p - - r - .  * -. ,,-. . "..  - n  - . . ' ,  . . ' 4 ~l l l l j l l i  L U L G  V A  a . L b  U Z ~ ~ G L O ' ~ ~ L  DLGUL~U. I ' L L I J C  i a ~ u ~ ~ ,  VI b + r c v r P w & i &  

~.clckets during the retrorrlaneuver sequence, is timed to coincide with the approximate 

90-degrec vehicle attitude wit11 respect to the velocity vector. Following Centaur turn- 

:ai-uu,il~l, txnk blowdown will be initiated and will provide the major portion of the impulse 

i~ecessary for the required ~entaur/Spacecraft separation distance. After con~pletion 

of tllc Centaur retroinaneuver the vernier half on phase is re-initiated and continues 

until 13202 depletion. 



This section defines vehicle performance in t e r m s  of exccss propellailts and payload 

capability. To aid the assessnient of conf iguralion changes, performance exchange 

data a r e  also presented. 

2.1 EXCESS PROPELLANTS 
p- 

For  firing window deter-mination purposes, excess prop2llant i s  defined a s  the total 

weight of unburned propellants remaining after second main engine cuto1-l (MECO 2) 

and thrust decay. The variation of excess propellants during the firing window i s  

determined from the targeting procedure described in Section 1.3. Daily variations 
- - -  - - -  . . . . . .  - - - 

LUI  bllG lYUVGll l lJG+ I J U  1 LUUIlLIl U$JIJUI bU1LAL.J a l G  + G p U +  LGU L l L  I b C l G l G l l b G  L d ~ l .  ' 

To ensure successfu.1 co~llpletion of the mission, a perforinance rese rve  i s  se t  aside 

to  account for non-nominal vehicle performance and contingencies. Therefore, excess 

propellants can be no l e s s  Ihan the specified perfolemance rese rve  (see k c t i o n  2.3) 

a t  any time during the launch window. Based on a Centaur jettison weight of 4111 

pounds and a spacecraft weight of 2223 pounds, the lowest excess propellants for the 

November launch opportunity i s  615 pounds (includes 255-pound perfornlance reserve). 

2 ,2  PAYT,OAD CAPABILITY --- 

Vehicle paylond capability is a pr i ra~ize te~ used for t!ic purpose of monitoui~!g config-= 

ur:itinn and p z ~ f o i : ~ n ; i n c ~  c11:inge:; (ReEcrez\ce 4 ) -  'fhc 1-;'1  lorid. id. ell pnl:ri!ily i s cjl~t:iin:tl 

11y sol !?i 11;: tiic Coil onring e~ji.t:l'iioi\, 



c r e , 

W B 0  = Bar.nout \veig!li, total \veight injected ~ n t o  the recluirct2 

terminal  orbit, assuilzing nominal f~znclioning of a l l  sys-  

t e m s  and consumplion of a11 propel la~i ts  available for 

main impulse (excluding performance reserve)  

P R  = Performance Reserve,  amount of Centaur stage propel- 

lants  held in reserve  

WJETT = Centaur stage jettison \\~eigiit a f tc r  mail? engine thrust 

decay (Centaur tanlt weight a t  separation) 

P n y l o ~ d  capability, a s  defined in  this  section, is based on a se t  of re ference  conditions 

that define a single t ra jectory that i s  used for vehicle payload capability analysis  on 

n bi-monthly bas i s  (Reference 4).  The payload capability i s  based on th.e re ference  

conditions uresented in Table 2-1. 

Table 2--1. Reference Conditions 

1. ETR Latulch Site 

2. La.tuiichAzilnulb 

Con~p lex  36% 

114 deg 

I 3.  Parking Orbit Altitude 90 n. mi. 

4. Ir~jection Energy -0.85 km2/sec2 

5. Injection True  A~lomtlly (MECO 2) 4 deg 

I 6. ParliiiigOsl~iCCoastTiine 25 rnin. 

L -- -- 
2 . 3  PERFORILTANC~? RESERVE - -- ---- 

Yiic fl igl~t j > t l ~ f t i : ~ l i > : : ~ i < : c  i-ciservc? (PPRj js i.11~ ~>~:o~,eIl:;i-:i ]:<>Id i t ;  :r(.Scr;JL. I-(-, erjslare 

:ichic~\~cn-~ent o l  tfie rc:ijui:r"ecl ~niss i :?n ve!ocil.:y urltler 11or;--uojn'!n31 (';lal normal )  iiighi: 

cbonditioils. ]'?'I< is ~)~jny-.iri!cd ~; ; j i . .o -  9 !i(i(jiii:~ cni.lo ilic%:jc<J i.0 e:;i'::;-;:ii,c: ).lie c2_Tfec!s of :A --?2 



number of vehicle suksystern performance ciispr-rsions oil l i d  vehicle pzrfor~nancc  arrd 

propellant margin. Details of the Monte Carlo FPR Program and cornpuL?tionr of FPR - 
a r e  documelted in Reference 5. 

Tlze flight perforrnfince rese rve  propcllar~ts remain unused providing all  vehicle sub- 

systems function according to the predicled meall on a laorlnal distribution curve; a 

condition reflecting nominal performance. Although, normally, FBI3 is considered 

a s  a propellant r e se rve  that could be used up in flight, it should be recognized that the 

probability of better than noininal performance is equally liliely. 111 this event, the 

propellant remaining on board a t  termination of the powered Eljght phase could be a s  

much a s  twice the FPR value. Only under an adverse statistical combination of per- 

formance deviations would no usable propellants rerna,in on hoard. In reference to  the 

payload capability equation, Equation 2-J., v<,I~icE._ indicates one-to-one relationsliip be- 

assigrrn~ent of PPR is illustrated in Figure 2-1, 

The A t l a s / ~ e n ~ i u r  payload capability i s  based on tile requirement of ensuring achieve- 

ment of the n ~ i s s i o ~ l  orbital energy in the pressncc of a 3-sigma statistical combination 

of performance deviations, This resul t s  i n  a 89.87 percent probability of successfully 

completing the inission. It sl~ould be nolei1 that the a rea  rmder the normal distribrrtion 

curve, Figure 2-1, i s  truncated only a t  the grrar.anleed payload (3 -sigi-nc? j. This yields 

a success probabllily that i s  :;on1em'i3a"L~i~;:;cir than thc cori:rcnlienal drfinitioli of pro- 

bability associated xvi1,i-t a +3-sigma bokrndee nornial disf;ribu.lion cur.-ve (in wliicli~ the 

probability v~ould be 99.13 p ~ r c ~ i l i ) ,  



CAPABILITY I 

PAYLOAD CAPABILITY (+) + 

F i g t ~ r e  2-1. P3yload Capability/l?PR Relaticnship 

2 .3 .2  NET 3-SIGMA FLJGtl'l' PE13F~T~IANC1;:  - RESERVE 

ln  addition t o  the i ~ o r m a l  pe r fo r~nance  dev~a t ions  that give i'ise l o  the FPR secluire- 

ment, any appwent  uncertainty sucli a s  the aero:iynamic drag  illode1 i s  algebraically 

added to  the  FPR 3s  a h i r s .  

The drag 111~e l  has  been 3-ecentiy revised t o  ref lect  experience gained from Atlas and 

LV-3C Atlas/Centaur f l ights .  The revision redriczs the preclicled d rag  on the vehicle 

nild yiclcls illcreased p e r f o r l ~ ~ a l ~ c e  c:apabllity. Pellcli~lg i'u~*iher fliglll exj,erience, a SO-- 

pound PI'R b ias  i s  being pl-ovlded to  i i~c rense  I1:e coi~fldencc level in ps.ecTiclcd perform 

ante 11 hen the revised c1r:tg model j s used i n  Ir;-~jccr ol'y pa lcolalions. 

F"" 
E 
1, 



- 
Drag Blodel Bias 30 lb I 

Net 3-Signla FPB 255 lb i 
2 . 4  PERFOR W I N C E  EXCIIANGE -- C 9EFI'ICIENTS 

This section presents data t ik t  relate excess propellal~t to various independent para- 

meters  suclr a s  vehicle nreights, propulsion chnractcristics,  propellants, and mission 

parameters.  The linear relationsllips a r e  shown as exchange coefficients, partial 

derivatives oi: excess propellants with respect to the i~zdepe~ide~it variable (see Figure 

2-2). These coefficients a r e  related to  fhe excess propellant increment a s  defined 

by the equation 

where 

AWE P = Net excess prop::lla.nt increlnent 

AWEP = Excess Drope~lcrr";e>;cl~:~;ige cceffieieilt vi;i81 respect to "ihe it!' ---- 
a xi independent vtlri;ilAe (xi) 

I t  should be noted th:?.t all pe~:fcr~?-i::iice c>;cir:~i-ize C C , T ' ~ ; ~ C ~ ~ I ? ' L S  were c~j j~~pu. l :c~l  vix clcsed- 

loop (i~t:3jle~I lr_.;?.jcetoi*y yij-li:rl:ii.iciric:, Tjz<-~ AC:--j,? c::c>.:gT$-]o::jp :,;;ridn.:lap sj!;.?lll:?tic;:1 (.;re 

J - u i ~ i ~   is:;^:? Iti:fe.;c.i.ic:l. 4) \.\I;::; \t:.ca; jc;); i,iro :::o,l;i)!di;-t.iicjfi. i]pc;;j.ll.:;<; cjj. <, - j l c  : ; j:j~jj::~-i:;;  

. . 
bel\~ccr; I!;.:. i!e;li(;li:i<; I.'i!=. A C -  3 3 c T  ~,~~~f'jci~..;;~,;:, ; ] ? * < A  .. i c x ,  . , 3 i :-, i 1 .,. L; I ! 3 

idle ,4 C: -- 1 4- 1.i i r; :: j 0:~; . 



I CI~;!<7':lI~!~ S.?hC;E 
lb of excess 

Slnf:e hicr: \Vrii:lit -1. (I 
- 7 

~~rope l l an t s  per Ib 

1 - l b  of excess 
-10.6 propellants per Ib 

Nose Fairing 

Insulation Pancls 
1 -- l b  of excess 

-12.3 propellants per Ib 

I l b  of esccss  - 
6 7 . 3  pi-olfillants per l b  

KOSE FrUIUN(; 

TANK ISSULATION 
P:\NEIS 

1 

hnpulsc Propellants 
1 -- Ih of excess 

13.7 propellants per l b  

Specific Impulse 
1 - Ib of excess propellants 

2 5 . 9  per sec LJ(IL'I0 IIYDROGEN TAXX - 

LlL)LlII) OXYGEN TA?X 

hl,UN ENGINES - 

A/c Separation 
Coast Time 

-171. 0(1) 
Ih of excess propellants 

Boost Puriip I1 O 
2 2 per lb/sec 

I1 ATLAS STAGE 

Sustainer Package (R) 
1 --- l b  of excess 

-10.3 propellants per Ib 

Booster T l~ rus t  
Ib  of excess 
propellants per I b  

Booster Package 0,) l b  of excess 
propellants per l b  

I m ~ x ~ l s e  Propclinnts 
1 

Fuel \\It, Ch:inge >O 111 of excess - 
70.6 p ~ o l ~ l l a n t s  ~ e r  l b  

1 Ib of excess 
'O propellants p r  11) 

1 
Oxidizer \Vt. Chnn::e > O  - Ib of excess 

100.0 propellants per l b  

1 < o  lb of excess 
-63.7 propellants per Ib 

Surlainfi- Spec.iflc 111 of exccss propellants 
Irn;>ul:;c 17 .2  per sc3c 

( a )  SCSTI\IN~R PI\CI<AGI. 
(b) R(K)STFlX PACliAGL: 



"+ 

RANGE SAFETY 

For each PLtlas/Centzv.r flight, range safety and range planr~bmig t rajectory data are 

prepared.  The data prepared a r e  s tored on IBFh nrzagnetic tapes and a r e  presented in 

various repor t s  a s  a data pacltage. 

DATA PACKAGE 
- 

The data package for the ItC-14 flight consists of 

a. Moiniilal and dispersed t rajectory data ,  l leference 6 ,  cornpoeed of 

1. Planned nominal t ra jectory i-lata. 
'3 

i 2. Dispersion t rajectory data in the form of AX, AP, A 2 ,  necessary  for defining 
e 

present  position boundaries,  and AX, b y ,  AZ used for defining the instantzn- 
' \ 

eous Impact polnr; ~ L L Y )  enveaope8. 

J 
4 b, Rc-entry data comynaed of 
t 

1, E2q)ecf;ed impact p i n e n  flP) for ifae hil.aa boosicr psclcage, A t l a s  auatajaaaor 

stage, Ccntmr Inavlat.4 o:n ps.~icls, and Cr:rjtztrc noes falj,-inge 

2, Dispersion envelop", of injpaci points for each of the above i tems,  

? 
: 3, Expected effects  of destruct  action ilnclbtdint; the 11urnbe-r and approximate 
3 

weights of resulting i ' ragments,  csllmales of drag coefi'icient hintoriec; for 

major fragments,  and velocity increments imp:>r-"red to these fragments by 

des t ruci  action (e:;p!osion). 
a* 

4 c. Velocity vector t u r n  dat.a, liclerence 8 ,  coii?po:>@d o f  velocity vector lurriing 

capabil i ty data as:;ul:~Sni; vacurzin I1:inbling Z.uj:j:s cnu:;cd by ei;g;ine loc!:up a"!.~~l'!~oals 



2, ~ , ~ ~ ~ & i ~ i t , . i e ! ;  fo r  f!i:;i-ll;s ovr.1- ]:rild 1-!:ian=-.s i n  t e ~ r n s  of tile probability of 

k-illing a single pe?:sonl 



I ~ T J  a ~LAf=lf XNC BA'FPs 
. * 

Vehicle position, vclscityjp: stad accl:elerz"cion a re  ealculal~d frern trnclcing data, Tnia 

information i s  used for range srrppart during tho flight and f u r  pctst$li$~t performance 

analysis.  The quality of the tracking dab, and hence the adequacy of the range sup- 

port  and performance analysis ,  is dependent on h.ow well "Jze p o u n d  tra,clring stations 

cat1 monitor the t rajectory during thz flight, Do'~",a.-r~~nge g ~ o u n d  sL?-t:.olas, with pre- 

cisely defined coordina,tes, have beeii established for  this purpose, 

A list of expected tracking stati~r-lr; and their coorc"rnales are presented in Table 4-1, 

The coordinates a r e  referenced to elre Clark syslreriod of 1866, Figure 4-1 defines the 

tracking parameteys used during t r  aclring , 

Table 4- 1. Tracliing Station Coordinate Data* 
- 

I I I 

STATION 

1 . Cape Icenned y Tel  IV 

2. h/Ierritt Island 19.18 

3. G rand Bahailia 3.18 

4, Grand Turk  

5 $  Bermuda 

6. A11tigw.a 91.18 

7. Ascensiou 1 2 , 1 8  

8. Pretoria 13. I6 

I 9,  Ta1-mnnriv~ 

TYPE 

Telemet ry  

Radar  

RadjTel  

Rad/Tel 

Rad jTel 

Rad/Tel 

RadjrI'el 

Rad /Tel 

Telcnletl-y 

GEODETIC 
LATITUDE 

( d e d  

28.463667 

28.424424 

2G. 635837 

21.443505 

32,254252 

17,143055 

-7,975141 

-25,937274 

-18,800000 

WEST 
LONGITUDE 

(d e 2.) 

80. G53028 

80.664618 

78 .2i ir i964 

71.141931 

64.839201 

6 1  .'i93377 

14,402707 

-28,336704 

- 37,SOOOOc3 

IIELGIIT ABOVE 
REF,  SPHERIOD 

(f t) - 
59.7 

48.6 

50.9 

22.9 

259.0 

182.5 

673.4 

5 ~ 1 5 4 ~ 2  

100.0  



TIC tIORIZONTAL PLANE 

////////,'//////////,'///////////// ///.' 1/7-77 

1. LOOM PIiI (f) - The  angle between 
the pitch p!ane (xi-zeta) anti the pro-  
jection of the s lant  range  vector  on 
the base of the vehicle. It  1s mca-  
s u r ~ d  positivc c lockv~isc  f rom the  
positive zeta (yaw) ax is ,  when view- 
ing along t h e  positivc direct ion of 
the longitudinal (xi) axis .  

2. I , 03K TIIE'I'A (8) - The nnglc bn- 
twcen the lorigitutlinal (2) axis of 
the vc-liiclc. 2nd  l h c  sl:lnt range  vcc- 
tor  I rom vcl i ic lc  to t r : tcker ,  mcn- 

suicitl f r o ~ n  t h c  ~):)silive si :\xis. 

3 .  ET,CVATION ANGLE ( r )  - T h e  angle 
of the s l a l ~ t  range  vector  ~11th  respec t  
to  lhc  grodct ic  iiorizuntal plane a t  t h e  
t r a c k e r .  

4 .  VIEVbTING AZII~TUTlf (CV) - The az i -  
muth of thc sl:inl range  vector  mea-  
s u r c d  in t !~?  gt'odetic horizontal plane 
a t  t h e  tractccr.  

5. SLAN'T RANGE - Vchicle d i s t a l ~ c e  
f r o m  tr ; i r l ter  in nautical mile .  



Ptlramctr ic  tracliillg tl:tt:i for t l ~ e  following s l a t i o~ l s  are prese!ited in 4-2 

througli 4-6. 
*r 

a. Cape Kennedy Tel. 11 

b. Bermuda 

c. Grand Turli 

d. Antigua 91.98 

f . Tailailar ive 

g. Pre tor ia  

Figure 4-2 gives r i s e  iJme, set t i ine,  and nlaxiillum elevation angle as a function of 

launch azi~ilutli for  the first five tracltjng stations.  Data for  i l ~ e s e  stzttiolis a r e  inde- 

pendent of parltillg orhi t  coast t ime,  F igures  4-3 through 4-6 give r i s e  t ime as a 

functioll of parliing orbif coas t  t ime for  the remaining tracliing stations. DaLz for  

these statiolzs a r e  a fr~nction of parking orbit coas t  time, The AC-14 Fir ing Tables  

report ,  Reference 2 ,  coillains launch azinlutli 2nd garl;ing orbi t  coast-tjrne/lauuch- 

t ime relationships.  

It shorrld 11e notecl i-list the AC-,l/I t ~ ~ ~ c l i i i ~ g  dnk~  weye bnsed on range support data C1:om 

I3efercnc~e 1.0, Tl-iesc t l3 -h  sl-ioulc! lie ;ipplicn!~le f o ~  :ill remflii.)i~rg hl-lkis/Cei~I.au~/Sur- 
. . 

l ! P J r C j l '  j3:l ? ' ~ < . ~ I I c !  0lqIjj f ;i.;<<:?i? b il3.l.;;?jl <)iiC.; 





(To be published later) 









SECTION 5 

This  section introduces some of the flight mecha-nic concepts of earth-moon trajectory 

design. The topics discussed a r e  I )  earth-moon geometric propert ies ,  2)  pre- 

injection trajectory phase, 3) post-injection trajectory phase, and 4) launch window. 

5 . 1  EARTH-MOON GEOMETRIC PROPERTIES 

The complex georuetric problem associated with earth-moon trajectory design can be 

visualizecl by f i r s t  considering the orbital  motion of various bodies. 

a. The ea r th  ro ta tes  about its polar 822s with an angular r a t e  of 8,ppsoxirnately 15 de- 

grees  per  hour. Its equatorial plane is inclined to thc ecliptic (earth's orbi t  plane 

about the sun) by about 2 3 . 5  degrees,  

b. The moon orbi ts  the ear th with a s idereal  period of almut 2 7 . 3  days, This rota- 

tion of the moon about the ear th causes  day-to-day variations in i t s  right ascen- 

sion (ane;ul.ar measure  eastward along the ear th  equator f rom the vernal equinox). 

c. Since the moon rotates  about its oit7n axis  once every 2 7 . 3  days, i t  presents  the 

same surface a rea  to an observer  stationed on the ear th.  

d. The moon's orbi t  is slightly eccentr ic ,  0.05; t h e r e f ~ r e  the earth-moon rzclial dis- 

tance var ies  a s  a sinusoidal f~mctioa,  

e .  Because the pla.11e of the lunar orbit  i s  inclined to the ecliptic approxjrnately 5 

degrees,  declination of the moon i s  a sirrusoidal function with a period equal to the  

1una.s month.  Regression of the nodes of the lun;tr orbi t  causes the amplitude of 

luilar clcclj;lniion lo  y ; r q  f r o m  xbo~if  1~1u.s arid ~I-L~IZLI,? 18. 5 to 38.5 ilegri.c,:s, 7';le 

time, bei\%:pc~ ~~ini.;;sum and ;nax i r~~ :~ ic  :i??;'i;l! iut"': ~li:)i?'C 9. :< 5 P:lr:;, 

Fir;~ii.e:; 5-1. ti;l:o~rgh 5-5 pj:esenl in g~+xphic~'.,'t fc r r rn  s9me of the ear th-moon g~om.ctric: 

prtip2r"cies C~~SCU. : ;~ . : ?~  ~ b ~ ) ' i . i ~ ! .  



















5, 2 PnE- I?\:,jI.:CT10j.' T4:.!".JS;Crj'ahP PHASJL 
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a x e  pre-ilijectiorn lrajectvcy p'laoe czn be CICSCT~E~A ;LC a I I I C " E L ~ - ~ Z & ~ )  gmwered f l i gh t  

~dxsr, f r o m  booster 121~dnch to 8pacecraf.i; injection. Par*k16ig orbit  aace r~ t  in-plane 

georr~elryr showing variouo mng-clar r~"k-".l ;onsbip of near-earth conic is i lbustrakd 

111 Figure 5-6. An exprerssjon relating the various zngles indicated is p r e s e n t 4  in 

Equation 5-1. 

During a given launch interval the position of the ta rge t  vector is ecsential1.y invariant;  

however, tlae latmch s i te  moves in a n  e a t e r l y  directicn and redrrces the hrmch-to- 

target  angle,  Fo r  lunar missions eniploying the pzrking oybit mode of ascent 

and having a 66 -hour earth-moon k ~ a n s f e r  t ime,  the ia~jectjon true anomaly, is 
I' 

about 4 degrees.  R i m e  cordrol variable for  ba.lancSng the in-plane angular relation- 
- .  . . . . .. . . .  m. ,.. I 1 ,,. , ,  1 

hlllun LC, UC.L&LI~$& L J L u I ~ ,  buant ,  IJ111c3 W n n .  I I ~ C ,  ILI D C  ~ L I U  U Q U - J ~ I U  W I Y ~ A L U  I s ~ p , ~ ~ b  U L A ~ ~ L W L ~  s - - 

and Q respectively, a r e  mainly a function of boost vehicle charac te r i s t ics  snd 
B2 

s p x e c r a f t  weight for  a given mission. Values of the parameters  $B1 and @B2 are 

about 20 and 9 degrees respectivelys The perigee-to-ts,sE;et angle, & P1" is about 

170 degrces axd can  be deter~-nbneci f rom cciuatjon 5-2, 



'I- 

GB1 
= Firs t  Powered Fli?;llt Angle ( x  20 deg) 

= Parking Orbit Angle (Variable) 

GB2 
= Second Powered Flight Angle (,-- 9 degj 

= Injection True Anomaly (-- + 4 ded  

aPT = Perigee to Target Angle (SZ 170 dog) 

'~;r = L:iunch to Target Angle 

L = 1,aunch Site 

P O  = I'nrltin~: O r l ~ i t  

I-' = Pcrif;ec 

I = Lnjccliol~ 

'I' = 'l-:lr&:<,L 



5. 3 I'OST-153 ECTTOS 'TT:A,TF:CTO35" Pi; /zr:1-= --__ ____^_I_I___- --"II_I^-- x- -_" 

'The  po:,t-injection Crajc:clory phase can be ciescribeci ;IS the earth-moon coast  fliglzt 

!,I:,: h(' f l-ol~i sl)acecraft ~rijcction to the spacecraf t  terrnirlal tie:;cent p!lass:. Figure  5-7 

is an ~! lus t ra l jon  of the earth-moon launch geolr lelry for the post-inj ection 

'r,l. o j,osit,ion vectors  that  define the earth-moon coas t  tlight pl'me orientation a r e  the 

In\ln<.h site \ 'ecto~'  declination. 6 and the ta rge t  vector declination, 6T. An expres- L ' 
> i o n  that re lates  the launch-to-target in-plane angle, $LTt with the two position vec tors  

: t i i : l  1 l u i i c h  ;izimoth, 2 i s  given by Equotion 5-3. 
L ' 

t he  r l c t t t 1 . 1 ~ 1  irstit itln a1 launch \iritldonr lengf h ,  is given by Ecluatiorl 5--1. 

9 2 
c3 - sin-  h - s in  6 

T 1, 

Fiporc 5-8 presents  a plot of 0 as a function of 6 for  a range of 76 to 115 
L, T T L 

degrees :incl t!~e Cape Kenneciy launch s i te .  

An clslwession that gives the launch-to-target hour angle, 0, n7hic!1 i s  necessary for 



@LT 
G Launch-b-Twgol Err-Plane Angle 

&T 
E Ta,rg~:t Vector BaAinaiion 





An expreosion t h a t  giveo ?'. as ::. S;anction of CIie -~erioes i:arc~xe"Eeb.~ ~IIFIL :&~c~~*Lioni";d 
P 

(refer also to Xquatior~ 5-3) i f  prucenkad h~ _il;cgisticn 5-5, 

a = Semimajor axis 

E = Eccentric aaomaly 

At  = Correetlori for  lunar attraction 





The time kltervs] ciravjl;g a given c h g r  ~vhen it i s  pgzcfble to la~izc2r a vehicle iz known 

as a launch wiizdo~v. Dtrration of ilze windo~~7 is  pri3a2-xiPy b~ function of tis?le-rr=yirig 

geometry and vchicle payload capability. A. succeggi.rre number of lavorable h*unch 

wii~dow days is  know1 ae a launch period. 

Since the earth-moon trajectory flight plane must contain the launch site and target 

vectors a t  launch time (see Fjgx-rrre 5-7) a time-varying launch azimuth, , is re-. 
L 

quired to account for the rotating launch si ts .  DUB to range ~ a f e t y  considsrationg 8.11 

pa,rkblg o ~ b i t  ascent f l i g b t ~ ~  a r e  currently constrained to a launclz azimuth sector 

between 78 and 115 degrees.  

Launch v,?indow duration, t , can be zpproxima.tely determined from Equation 5-4 
LW 

in conjunction with Equations 5-3 and 5-4 for a given lunar declination and specified 

launch azimuth limits. The launch window duration obtained may be further modified 

1 r >  - -, - C -  -.. 1. - - - 1 ---I - -  - - T - : l : L  - .--- 41- +--  - --- -1 --.- 1 ---. - -.-- -,a- 

UJ """"" -'.*"" "'*"" "-"- "- &'-'-' u I x - - - - - - - J  , --- '.- -- *-- --A- --^--- ,. ------ - - ----* * 
et cetera. 

where 

El1 
= Hour angle a t  v~inc1ot-v opsaing 

a2 = Flour angle at wiizciow closing 

uE = Earth cotatioli rate 



This section contains descriptioazs and data related to the r%tioiiale of powered-flight 

trajectory design. Primary emiji~asis i s  placed on identification of trajectory design 

constraints and on demonstration of an acceptable trajectory flight path and sewencing. 

Fundainental to the trajectory design process is determinatiolz of vehicle subsy~ tem 

performance and its effect on the trajectory. All elements of vehicle design must be 

compatible with the range of expectcd operating performance of each vellicle subsystem. 

Reference 12 serves to collect a standard set  of subsysteni periormance dispersions 

that a r e  used for both trajectory and guidance e r r o r  studies. 

Certain ltey parameters descrjbiug trajectory enviromment a r e  presented and discussed 

in the following subsections. For a more colnprehensive presentation of trajectory 

environment and documentation of design limits uscd in figures for this section, the 

reader is referred t o  Reference 13. 

The trajectory parameter most often associated with aerodynamic loading is dynamic 

pressure (q), defined as:  

Dyrmnlic pressure is pi:i:l-larily deter-rn!l?eil. by the tiegrce of trnjeetory lofting during 

the iiaiticrl pitchover phase, Flgr~:re 6-1 p~es l : e l i t~  Ljnio l?jstor.ics of d~i~~:;.;.nic yircssiire 



Tile n11gle-oE -nttrtclc tiale history 1s strongly inr'l\tcnced by hoili I l ~ c  pitch progralr l  and {he 

appl icd \$rind. The pitch program 11:)s becn designed with :]]I a~~g le -01 -  altacl; Lias that iirill 

111inimi;,e ALP for  anticipated lauuch ~ i l j i ~ d s  ancl thus maximize l:$~ulzh availability. 

r-1 t ra jectory parameter  that i s  indicative of the trajzctol3y tlierinal ensriroilment i s  the 

product of dynamic p re s su re  and velocity, terlned heat flux p a r a ~ n e t e r  (HFP). 

HFP = q V  

The time integral of this  parameter,  which i s  indicative of total vehicle heating, i s  

t e r n ~ c d  heat lmraineter (I-IP). 

This  simplification i s  generally valid for  lurbu.lent heating ancl i s  used a s  a ru l e  of 

thumb in t rajectory design. Final t ra jec tory  heating verification i s  based on detailed 

thermodynamic analysis  of the vehicle in the appropriate flight environment. 

Like rlynalnie pressure,  heat parameter  i s  priixarily determinecl by the deg-ee  of 

ir:xjcctory loftlag cluriilg the initial p~ tchove r  phase. 

Fig'ul-es G--2 and (5-3 present  t ime h is tor ies  01 I-IFP a i d  I-IP respectively for  noininal 

and clesigil flight. conditions, ini ninluii 2nd rnaxinium. F r o i i ~  F i g u ~ e  6-3, the inrtximrun 

v:~iui? of l iP i s  0. 945 * l o 8  lb/ft. The nolnilial lil~iil,iilg ir?li~e of I I P  is appi-oximntclg 

0. 94 x 10' Ib/El. IioizLrcvor, this  trajcciovy clcsign c o ~ i ~ i r ~ i i i t  is an i~idicntor  only, oeed 

in i , l l c x  c : i r l ~  Stirvcy or i-iq:\jecf ol-?,i clc:;jgn. /". dii.ki j icci iI?el*n.! o:.lyii:i~:i i c  :i:~nlysis of tIie 

\7~~liic!c: 11:~~;  S!IC,\~,TII th:xt : i ( : ~ ? r n j ~ ' i ~ ; i ~ ~ - ~ i ~ >  I-IP;I'L~I.I;?; j ~ ;  \~rii;.~jr~ :~~IOTJ~-;:I)~C; Iil-l.lii-5. 





TIME FRO&{ LIFTOFF, t (SEC) 
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Fiere  6-2. Ireat P l ~ x  Parameter Versus Flight Time 





6 .3 .  1 BOOST72R EKGliaE STAGTXC; --- -- I., 

)ill Atlas p1-opulsion ~ ~ t l i t s  a r e  operative at  t ime of liftoff. On-board 3ccelerometers  

sense acceleration. When a nominal value of 5 . 7 0  g ' s  i s  rcziched, a guidance dis- 

c re te  is issued cutting off the tcvo booster thrust  chxmbers (BECO). Following a 

3. I-seconcl delay for booster th rus t  decay, the booster propulsion unit i s  jcttisoited. 

Table 6-1 il lustrates the accelel-ometer settings. The ~ a t u r e  of the guidance com- 

puter i s  suck that the issuance of the primnry discl-ete will occur following a com- 

plete compute cycle. The chai~ge in acceleration during each coil~pute cycle is 

approximately 0.15 g a t  the t ime of staging. The dispersion about the 5. '7 g cutoff 

setting i s  reduced to one half of a colnpute cycle (-+0.08 g) by biasing the guidance 

computer cutoff setting, 

I 170 c r ? w i 1 - 1 ~  I f - T r P !  T n r  T I T P  t 1 ~ p 1 r 1 1 1 1  Q T T Q T Q ~  W R ~  rxnnqPn 911 I I I P ~ .  nc>i:7111:~ I l\r. I I  MI, I! r l o l ,  

preempt the pr imary  sys tem,  The backup acceleronleter i s  s e t  a t  5 .90 g 's  and the 

3-signla deviation i s  -4r 0.20 g. 

Table 6-1. Booster Staging Accelerometer Settings 
--- 

5.62 g ' s  5.70 g l s  5.78 g ' s  

Guidance Accelcrometeu. I--...------J r-------I- -1 
(Primary) - 3  Sigma Norniilal. 4-3  Sigma 



TEre selection of bocstes ztaging accelcraticin level for Atlac/Ccnt;tur was based on the 

follo-wjng c ~ i t e r i a :  

",s 

a .  Maxiniize payload capability. 

b. Atlas load < design allowable. 

c ,  Met positive suction head (P';rPSH) > design niinimum. 

The staging level of 5 .  7gfs was selected in the ear ly  phase of the Centaur development 

effort.  At that time, booster pitch program design was predicated on the requirernent 

for  lnaxinlunl payload capability and ~vas not subctantially constrained by aerdynarnic  

heat liniits. Under those conditions, the optimum staging level was n e r r  5, 9 g's.  

The second factor that must be considered in establishing booster staging level is the 

Atlas load limit. The allowable total gross  weight above Station 519 a"cBEe0 cannot 

exceed 4G, 939 pounds (Iteference 4). The following a s s u m ~ t i o a s  were used in caicu- 

lating the allowable weight: 

Axial acceleration 

Tznlc skin temperatu.ve 

Axial drag force 

Applicd bending nlomeilt 

LO2 tank pressure 

5. 9 + 0. 08 g 

191" F @ Sta. 789.95 

1330 lb 

0.761 x 106 in. -1b 

32. 0 psig 

From Reference 4 ,  the nominal ureight above Staiiorl 519 is 41, 010 pounds. 

The third and fiilal fzctor affecting selection of 1313CO stxg;ing accelerat icl~ i s  sustairzer 

LO2 p u n ~ p  NPSH, Briefly, it is required .Lh:~t NPSB be above 1.3 feet. Section 8. 1, 1 

presents 3 moi:t. r!ei:tilec! c!isct:s::ioi-i of :::r:-:"ciner NPSFI ar,tzlysis. 



(;. 3 .  2 STj,62,7'Alb?Flj J"\'(-;lbT>: zr:74(ljxC; --- II1-..--__--I___L__^_I_--_- -__ ---- ---- 
The cr i te r ion  for  sustnincr engine staging i s  propellant ciepletion, e i ther  oxidizer. o r  

fuel. SECO com~nnnd i s  initiated (nonlinal!y) by a fv.el rnn~~i fo ld  p w s s u r e  switch s e t  

to  activate a t  a l~proximately 650 psia. This  mode of sust:iincr siagiilg r e su l t s  in maxi- 

lnum net vehicle payload capability. 

Section 8. 1. 2 presents  SECO 111-opulsion charac te r i s t ics  in  soilze detail. 

6 . 3 . 3  INSULATION TANEL STAGING 

Ceiltnlir propellants a r e  protected from aerodynamic, Ilealing during the ascent  t ra jec-  

tory by insulat ioi~ panels. These panels, which s l~soud the hydrogen tank cylindrical 

walls, a r e  jettisoned lsy a n  Atlas progranimer d iscre te  a t  BECO + 45 seconds. 

Three  c r i t e r i a  a r e  considered in establishing insulation pailel jettison t ime,  namely: 

a. h/laxil~lum ve1lic:le payload capabi 1 ity 

b. Thermal  load constraint 

c. Aerodynamic load cotistraiilt 

Tlle f i r s t  factor involx7es a tracleoff bct~veei-, payload gain due to reduced propellant 

;rapol-izntioii and lx~j1lo3d lo s s  dve  to lo~vei- vehicle accclerat ior~ as  ir~sulatation panel 

jettiso11 t ime jncrcascs.  Figul-e G--l  p ro i~ jdcs  a typical exam1,lc of this  tradeoff, 



is satisfied when heat flux parameter is less than 65,000 lb/ft-sec (3-sigma). How- 

ever this factor was not considered in the final selection of panel jettison time, (See 

Figure 6-5, rr 

The final, and limiting, constraint on panel jettison is aerodynamic loading. It is a 

requirement that the panels be jettisoned sufficiently late in flight so that aerodynamic 

loads do not inhibit separation. Studi.es have shown this requirement is satisfied when 

the product of dynamic pressure and angle of attack is equal to or  less  than 20 psf-deg 

(3 sigma). Figure 6-6 shows that this aerodynamic load factor is satisfied with a jetti- 

son time of BECO + 45 seconds. 

6 .3 .4  NOSE FAIRING STAGING 

Staging of the Centaur nose fairing (NF) is accomplished by an Atlas programmer dis- 

crete at a preset time after BECO of 75 seconds. The time at  which the NF may be 

jemsoneu 1s deLerrrilrieu by w e  aulllby ol Llie payrvau w W ~ L I ~ S L & ~ U  ~ ~ i e  aervuyildlui(;'-~ic:~~ - - - 

ing it will receive after being exposed to the flight environment. Aerodynamic heating, 

in the altitude range where NF jettison is feasible, is directly proportionaJ. to heat flux 

parameter (HFP). A 3 sigma maximum value of HFP at NF jettison has been 

established by Hughes Aircraft Company for the Surveyor spacecraft. This value is 

295 lb/ft-sec. Figure 6-7 presents the variation of HFP with time after BECO and 

shows the earliest allowable NF jettison time to be BECO + 70 seconds. Thus the pre- 

sent staging time of BECO + 75 seconds allows a 5-second contingency for configura- 

tion changes. 











Desit- of the booster pile11 prograin \ilould ideally involve an optimization I,etxvcen 

flight path selection and strur,ttrrxl ~veigllt required to sustain the flight path environ- 

ment. For  Centaur, this process has bcen bypassed since Atlas was an off-the-slieIf 
- 

yrohicle. Thus booster pitch program design was based on predefined vehicle s truc-  

_:ral capability. 

I 

\ Aerodynamic loads a r e  minimized d u ~ i ~ i g  booster phase by flying a near -zero angle- 

of--attacli ( n )  boost trajectory. The pitcll program is  actually biased to  statistically 

n; mize (1 in the presence of anticipated real  win6 conditions. 

Superimposed on the near-zero cr requirement i s  a nominal aerodynamic heat param- 

eter liniit U S C ~  in the i1litia.l trajectory design. Figure 6-8 i l lustrates the sensitivity 

6 .4 .2  SUSTAlNER AND CENTAUR PHASE PITCiI PROGRAMS 

The sustainer- and Centaur-phase pitch progTams a r e  s h a p ~ d  to maximize payload 

capability for prescribed end conditions, These pitch functions are generated in flight 

by the guidance computer based on illstantaneou s present positi on and target conditions. 



HEATING PARAMETER, I-iP (millions of Ib/ft) 



i SECTION 7 

4 
! The launch vehicle i s  a two-stage configuration consisting of an Atlns SLV-3C f i r s t  

stage and a Centaur second stage. The Atlas by itself i s  refer red  to a s  a 1-1/2 stage - 
' -5 4 
-4 configuration, a t e rm used to  describe a vehicle consisting of one set  of propellant 

tanlts with sonie propulsion units jettisonable during flight. 

7.1. FIRST STAGE CESCXIPTION -- 

The Atlas SLV-3C vehicle i s  a modification of tlse LV-3C vehicle previously used for  

A t l a s / ~ e n t a u r  flights. The modification consists of a 51-inch extension of the pro- 

pellant tank and ~:elocatiolz of the inter~nediate bullihead to  nlaintain the proper oxidizer/ 

1 i nChnr - - i ~ , ~ r  nl~anrroc xxro.ro rnsrln t r r  ~ x d ~ r n n l  on l~ in ln~n i - .  f a i r ings .  To  aC- - - - - - - - - - - - 
coinmodate the additional propellant weight the ~AA/~ocl teLdyne Mn-5 lsropulsion sys- 

tem was modified to  provide an  additional GOO0 pounds cf booster thrust and a sustainer 

engine thrust  increment of 1000 pounds. Each of the booster engines now provide 

168, 000 pounds nomilla1 thrust (sea. 1 evel) and the sustainer engine 58, 000 pounds. 

The vernier  thrust  chambers stil l  provide G70 pounds each. 

The interst:tgc adapter, niating the Centaur to the Atlzs, i s  attached pzrmacently t o  the 
I 

i 

Atlas stage, The Centaur vehicle i s  released f ~ * o c ~  tile f i rs t  stage Ily severing the in- 

terstage adapter by use of a flexible linear shapzcl chargi-c attc~ched around the inner 
4 

p2rirncter of the ndapier just  below the Cenlatir l:lt-tli i t l tc~s tage  :idapler attachment 

? point. Eight ~ e t ~ o r o c l t e l - s  locatcc2 tit the extrenie a f t  end of Lfie cylinclr'ieal portiou of 
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i The Centaur vchicle i s  a Iligh-speciiic-innpulce space vehicle powered by two k a t t  
-* 

7 & TVllitney RLIOA maill engines rated a t  15, 000 pounds thrust each (with a r e s t a r t  
L -3 

capability). These engines burn liquid oxygen and liquid hydrogen and a r e  located on 

: "1 
the aft bullhead of the liquid oxygen tank. 11 

I The Centaur tanlc skins a r e  made of type 301 stainless steel, which i s  the same materi-  
-- 

a1 used for  the Atlas tanks. 'The propellant tanlcs a r e  pressurized and form the basic 
{--3 \ - 
$ 2  
: -9 

shape of the Centaur. Tile payload, guidance, and electronic equipment psckages a r e  

,-ST 
mounted on the forward bullilzead of the liquid hydrogen tank. 

,r 1 
3 

f -< External thermal insulation panels a r e  provided for  the liquid hydrogen tank to mini- 
; 
i L, mize the effects of aerodynamic heating and to  reduce the liquid hydrogen boiloff to  an 

"3 The nose fairing pYovides thermal and aerodyfiarnic loading protection to  the equipment 
i 

' b located within the spacecraft compartrnerii a t  the fo~warcl  end of the vehicle. The nose 

,"i fairing is jettisoned following jettison of the insrrlation panels. 
8 j 

- 
i The controlling document for the configuration of the Gcnlaur vehicle is Reference 15. 

1 J 

The general arrangen1ent of C e n l a ~ ~ r  i s  presented on Figure 7-2. 
1 h i  
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Figure 7-2.  General Arrangement of Centaur 
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7 , 3  SPAC1~;CRAFr1' 13EEGRTP7'10N --- p- - - - .- - --- -- 

Tllc SC-6 spacccrafi (11-21 SERIES) is a thi11-n7~lled tubrrlai. sprtccfralne housing various 

electronic and mechalzical equiprnej~l, Figures 7-3 and 7-4 present the general arrange- 

ment of the spacec~-aft. 

Spacecraft equipment can be broken down illto the following systems: 2) structure, 

b) propulsion, c)  flight control, d) electrical power, e) telecominunications, f )  com- 

mand decoding, g) engineering inst,rurnentation and signal processing, and h) television. 

The payload is composed of a11 alpha scattering experiment; magnets; an auxiliary 

battery and control unit; survey television camera;  a number of tempsrature sensors, 

accelerometers, s train gauges, and current  sensors; and nri engineering signal 

processor. 
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SEC'FION 8 

PROPULSION 

The follo\ving paragraphs descr ibe the Atlas and Ceutczus propulsion models and nomi- 

nal operating character is t ics .  

- 8.1 ATLAS PROPULSION MODEL 
- _ 

The Atlas stage propulsion system consis ts  of a ~AA/Rocketdyne  &U-5  propulsion 

systenl with hvo booster  thrust  cllambers, a s u s t a i ~ l e ~  thrus t  chamber,  and two ve rn i e r  

i thrust  chambers.  The engines burn a propellant cornbination of liquid oxygen and 

3 RP-1  fuel. All propulsion units a r e  operative a t  t ime of liftoff. The  sustainer  and 
; 
i 

vern ier  engines continue firing following shutdown and jettisoning of the two booster  

. A L  - - - . . . ~ l l n ~ C  rlf i l?lrrl-:-vl  4-hn n ~ ~ m t o i ~ - n r  .>nil x r a r n i ~ i -  1711iic a r p  ~ h l l t  d n \ \ ~  2nd 

.-"D"'..Y. --r------- - - , - - - -  - -  - 
1 

jettisoned with the Atlas propellant tanks. 
$ 

1 
I 

Nominal Atlas propulsion c l~a rac t e r i s t i c s  a r e  sumnlarized in Table 8-1. 'The data 
i 

i were  obtained from Reference 16, This  re ference  also contains the propulsion param- 

e t e r s  used in detailed propulsion sinlulations f o r  precision integrated t rajector ies .  
i 
i 

Figures  0-1 and 8-2 pyesent Alas thrus t  and spccific impulse a s  a function of altitude. 
i 
i The data. reflect nominal inflight engine operation as  predicted via a detailed t rajectory 

3 conlpulation al;d propulsion sys tem j~::rformance s i~~ iu l a t i on .  
I 



Table 8-1. Summary of Atlas Propulsion Character i~t~ics  

PROPULSION PARAMETER NOMINAL 3 0  DISPERSION 

Booster S. L, Thrust 

. n.noster S. L. Specific Impulse 

Booster S. L. Mixture ( o ~ / R P - ~ )  

336,000 lb 

2 5 3 . 8 3  sec  

2 . 2 9  

*2945 lb 

f 2 . 3 3  sec  

f 0 .038  
- - 

S . ., S. L. Thrust 58 ,000  lb f 910 lb 

Sustainer S. L. Specific Impulse 215.39 sec  f 2 . 7 2  sec  

Sustainer S. L. Mixture Ratio (o~ /RP-~ )  2 .27  

Vernier S. L .  ~ h r u s t  1352.8  lb 

Vernier S. L. Specific Impulse 1 9 1 . 4  sec 

Vernier S. L. Mixture Ratio ( o ~ / R P - ~ )  1 .676  

2 % 

6.47 sec  

Booster Lube Oil Consumption 0 . 9 5  lb/sec 

Sustainer Lube Oil Consumption 0 .150  lb/sec 

A Engine log data. 
2 

Vernier engines a r e  canted 41 degrees outboard. 







S. 1. I BOOS'I'EE 11561133 11: CU1'C)'i;'F 
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'Tile Centaur stage guidance systeiil provides boosler engine cutoff discrete ,  BECO, - 
The cutoff comlnand i s  issued when an axial acce lera t io~l  level of 5. 7 g t s  i s  attained. 

Followjng a 3. 1-second delay for  booster  engine thrust  decay, the propulsion unit i s  

jettisoned. Tlle t l ~ r u s t  slid propellant consumption c h a r a c t e ~ i s t i c s  during the decay 

period :Ire sho~vn in Figure 8-3. 

To  preclude propellant punlp cavitation, the pumps requi re  a margin betsveen the inlet 

total  p re s su re  and the liquid vapor pressure .  This  margin i s  termed ne t  positive 

suction head (NPSI-I). The N X R  a t  the LO2 sustainer pump inlet is the most  c r i t i ca l  and 

therefore reqiii 'es special consideration. The minimum value of N B H  is reached af ter  

booster engine thrust  decay, j u s t  p r ior  t o  jettisoning. F o r  AC-14 the minimum allowable 

NPSII  i s  13. 0 feet  (Reference 26). Figure 8-4 presents  NPSH a s  a function of booster 

qf:>vit~p ~ c c ~ l ~ r 2 t i n n  Fnr  nnrninal  ~ n r l  ?-cicrmo r?icnn-t.cnd onnrlitinn c T+ non hn onnn - - 
that the NPSII a t  the nominal staging acceleration of 5.7 g ' s  including ;t 0. 1 g 3-sigma 

dispersion, i s  within allowable tolerances.  

The N PSI3 value is calculated fro111 t!le following ecluation: 

I i l  
NPSI  I = 13 x I*',"\\' i- --- (PC, P - I? - pf) 

P a 1 v p  

\\ I-{) 11 - I.,iquid level, l't 

1.' = 'Total forcc on liquid, 111 

\ = 1Vcif;ht of l iciui t i ,  I t )  

P - I)c~l?sity of l i cp id ,  ~ b / l l : ~  

I' = 'RI 11Ii ~ Y C I S  SLKI-C), lb/i 11' 
( I  h 

i' ;) -' ; \ I ~ ~ ! ~ I < ~ I I ~ .  i > J 3 C ' $ < > : ~ L 1 ~ t '  I I j / ' i ~ j ' ~  
i l  113 
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ATLAS BOOSTER STAGING ACCELERATION, y (Gts) 

Figure 8-4. NPSEZ' versus Booster Staging Acceleration 
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8.1.2 SUSTAINER ENGINE CUTOFF 

Sushiner engine cutoff (SECO) i s  initiated a t  propellant depletion. A nominal sustainer 

engine shutdown consists of a soft phase, prior to SECO comm-and, followed by a hard 

shutdo~vn phase. The start of the soft phase begins a t  minimum NPSH. After minimum 

NPSH, the fuel manifold pressure begins to decay from its nominal operating pressure. 

When the pressure level falls between GO0 and 700 psia, a pressure switch located in 

the fuel manifold is  activated shutting down the sustainer and vernier engines. This 

constitutes SECO and initiates the hard shutdown phase. From here on, the thrust and 

flo\tr rates decrease abruptly, exhibiting decay characteristics similar to that following 

n commanded cutoff. 

I11 the event that the wet/dry sensor located in the fuel tank a t  Station 1194.24 is  un- 

covered, a SECO discrete i s  issued and an immediate hard shutdown follows. This can 

occur either prior to or  during the soft phase. This implies that fuel depletion rather 

~ h _ ~ :  3,2:fyn1 T 0 ~ ~ r \ l r \ + i ~ ?  b n p  pop~ryrnrl . h ' n p l  cn??cnl- IqPp+lnnc naTr0 r,PPn chn~en T n  r 

2 ,- 

minimize unburnable fuel residual. The propellant utilization system has been designed 

so that fuel depletion i s  unlikely for Surveyor-type missions. 

Figure 8-5 illustrates the thrust and propellant flow characteristics for a nominal soft 

sliutdo~~m phase (Reference 11). Time is measured from minimum NPSH. This i s  the 

reference point from which Rocketdyne, the engine manufacturer, evaluates the engine 

svstem shutdo\vn characteristics. The thrust and propellallt consumption characteris- 

tics during the hard shutdown phase (follo~ving SECO) a r e  also shown in Figure 8-5. 

The shutdo~vn characteristics shown in Figure 8-5 are  provided by Rocketdyne. 



0.4 0.8 1.2 1.6 2.0 

TIME FROM MINIMUM NPSH (sec) 

Figure 8-5. Sustainer Engine Shutdown Decay Characteristics 



Ccnt:?:rr stn[;e main i m p a l ~ e  i s  pro\~irlc~tl I-ty t ~ v o  Pra l t and Wl~ituegi (I3l;rVJ) K L10,4- 3-3 

gimbal-rnounteci roeltet engines, The ~ r ~ g i n e s  burn a propellant cronlhinaifon of licluid 

oxygen and liquid hydrogen, In actdieion, a hydrogen peroxide low--thrust propulsion 

system i s  provided for  attitude and propellalmt level control during the coast  phases 

of flight. 

/ -\ 

- The Centaur propulsion charac te r i s t ics  a r e  surn~narized in Table 8-2.  'The P&W 

engine data are based on information presented in Reference 17. The engines a r e  

calibrated to operate a t  a no~m2inal oxidizer-to-fuel mixture ra t io  of 5: 1. The nominal 

specific impulse of the engines a t  that rimixture ra t io  i s  442. 87 seconds1. It  should b e  

recognized tlmat although the nominal mixture ra t io  is 5:1, the actua.1 mixture rat io  

(hence specific impulse arid thrust) is affected by ths  propsllaimt utilization (PU) sys tem 
- - ". . % .  1 I 

n1i1 I conino- T W ~ I P : ?  111 nsrn 1 :: 2 I I I F ~ I : I  I I I I ~  oJ cieblr <$u i J l v i J c . u a i l t ,  u x a T u m  a i L d  ~ , ~ " t m 2 ~ ~ . ~ . ~ ~  

tanking levels. 

F igure  8-6 shows Centaur engine thrust ,  specific j.nmpulse, and flow r a t e  a s  a function 

of mixture ratio. 

The  propellant feed s y s t e n ~  enlployes a s e t  of boost pumps 011 both the oxidizer and 

fuel s ides  to provide adcquate pump inlet p re s su re s  for  tile main propc1ln:lt pumps. 

The 1100st purnps a r e  drive11 by hydrogen peroxide turbines. Exhaust  f rom the tv.rbinrs 

i s  axially directed and it produces a n  incre~nei l t s l  force on the velticle. Tlme boost 

pump operalion characler.istics t11:1t affect t rajectory parar.nters al-e incl~rded iil 

Tahlc 5-2. 



Table 8-2. Centaur Propulsion Characteristics ' 

NOMINAL 3- a Dispersion 

Main Engines 

Centaur Vac. Thrust 

Centaur Vac. Specific Impulse 

Mixture Ratio 

Boost Pumps 

Vac. Thrust 

30,050 U3 

442.54 sec  

5. 0763 

* 425 lb 

* 3.54 sec  

H 0 Consumption Rate 0.086 lb/sec 
2 2 

* 10 % 

The P&W engine s tar ts  a r e  preceded by prestart  phases consisting of the boost 

prestart  phases is shown in Table 8-3. 

Table 8-3. Prestar t  Characteristics 
d 

FIRST BURN SECOND BURN 

Boost Pump Operating Time 

Chilldown Time 

t = 44.6 sec  

t = 8 sec 

t = 28 sec  

t = 17 sec  

Chilldown Propellant Consumption 

l~ f f cc t i ve  for two engines. 
Engine log data. 

3Equal to main impulse oxidizer to fuel weight ratio. Used in trajectory 
simulations to approximate PU control. 





Table 8-4 presents the Centaur main engine start  and shutdown clmracteristics. 

Table 8-4. Start and Shutdown Charactexistics 

' ~omina l  start impulse from ignition to +2.O seconds. 
"~ncludes timer delay of 0.0055 seconds. 

SECOND BURN 

START1 SHUTDOWP 

19,275 +6099 3110 f 170 
- 5916 

12 k1.0 6 

43 &8 18 

1 
I 

I 

Total Impulse (lb-sec) 

Propellant Consumption 

LH2 (lb) 

Lo2  (lb) 

FIRST BURN 

START1 SHUTDOWN2 

20,000 -5964 3110 t 170 

12 *1.0 6 

45 *8.0 18 



8.2.2 ENGINE REGRESSION EQUATIONS 

Propulsion characteristics of the P&W R L10A-3-3 engines; i. e. , mixture ratio, 

thrust, and specific impulse (within a given range of inlet co3ditions); can be deter- 

mined from the t r im regression equation. T11e general forrn of the equation, from 

Reference 17, is a s  follows: 

Yr, YF, Y = C + C (FPIP) + C (FPIT) + C3(OPIP) 
I 0 1 2 

2 2 + C (OPIT) + C5(FPIP) . + C ~ ( O P I P ) ~  + C (FPIT) 
4 7 

2 + C (OPIT) + Cy(FPIP) (FPIT) + CIO(FPIP)(OPIT) 
8 

where 

mixture ratio 
= Percent nominal mixture ratio = X 100% 

nominal mixture ratio 

thrust 

Y~ 
= Percent nominal thrust = X 100% 

nominal thrust 

specific impulse 

*I 
= Percent nominal specific impulse = - X 100% nominal specific impulse 

FPIP = Fuel pump inlet total pressure ,  psia 

OPIP = Oxidizer pump inlet total pressure,  psia 

FPIT = Fuel pump inlet t.otal temperature, degrees Ranltine 

OPIT = Oxidizer pump inlet total ternperat~ll-e, degrees Ranlcine 

K = Ropellant utilizatioll v ~ ~ Y C ?  angle loss factor (See Figure 8-7) 





A list of constants that define the regression equations a r e  presented in Tables 8-5 

and 8-6 and can be  assumed valid for the following range of inlet conditions: 

PARAMETER 

F PIP 

OPIP 

F PIT 

OPIT 

K 

RANGE 

29. 8 to 54. 0 psia 

25. 0 to 130. 0 psia 

36.3 to 40. 3 OR 

162.4 to 185.0 " R 

-3.47 to +5.16 

To determine the values of Y r s  YF 
, and Y for a specific engine, a correction must be 

I 
made for the engine t r im deviation and the actual engine impulse. These corrections 

can be made by replacing the nominal values in the regression equations by the follow- 

ing values: 

- 
1 p1;I CGIIL LL I111 IIIMLUI G I d L L U  J ' Mixture ratio = Nominal mixture ratio 1.00 + 

100 
percent t r im thrust 

Thrust = Nominal thrust 
100 I 

Impulse = Engine impulse from acceptance tes t  a t  above mixture ratio 

The nominal (rated) values a r e  those given in Table 8-2 and obtained from Reference 17. 



Table 8-5. Regression Equation Constants 

PERCENT PER CENT PERCENT 
CONSTANT MIXTURE RATIO THRUST - SPECIFIC IMPULSE 



Table 8-6. Variable Regression Equation Constants 

- 

PERCENT PERCENT PERCENT 
CONSTANT ENGINE MIXTURE RATIO THRUST SPECIFIC IMPULSE - 

C13l P641916 -3.5491214 -0.48462962 0.36607059 
P6419 17 -4.27 647 56 -0.60731129 0.40738390 

l U s e  when a (Angle of valve actuator rotation) is negative. 
"use when is positive. 

The  noininal inlet conditions for Tables  8-5 and 8-6 are the  following: 

PARAh4ETER 

FPIP 

OPIP 

FPIT  

OPIT 

VALUE 

30.0 ps i a  

60.5 ps i a  

38.3 O R  

175.3 OR 



8.2. 3 ArI'TITUDE AND I?I?OTIE L,T. 2 XT 21:VE 1,  CO:a"i'ilOlj J3lqGfXES 
_____l___p_l --__---- __-- __l___IT-X-l-_YslFI 

A scliematic a r r a l ~ g e m e n l  of tI~e a t l i t~ lde  ant1 pvol?ellnnt level co i~ t ro l  inotor system i s  

sho\vn in Figure 8. 8. Tlre i !~rus t  tlirection of the h and P engines jc in a plane normal  

to the vellicle Iongiluclinal axis  and the S and V et-igines r,re aligned wit11 the lor~gitudi- 

nal  axis.  

All engines use hydrogen peroxide to  generate thl-ust. T h e  pe r fo r~nance  character is-  

tics of these engines a r e  summarized in Table 8-7 and a functional description is 

presented in Table 8-8. 



Table 8-7 Characteristics of Attitude and Propellant Level Control Engines 

-- 

THRUST SPECIFIC IMPULSE 
ENGINE DESIGNATION (Ib /en gine) (see) 

'r aale 6 - 6 .  f insne  uesignation ana runct iona  uescriprion 

ENGINE MODE OF 
DESIGNATION FUNCTIONAL DESIGNATION OPERATION 

a. Propellant Settling After MECO 1 and Pr ior  Continuous, 
to  MES 2 Two Engines 

b . Major Re-orientation and Attitude Control Intermittent 

c. Lateral ~ p a c e c r a f t / ~ e n t a u r  Separation Pr io r  Continuous, 
to  Tank Blowdown Retromaneuver ' h o  Engines 

a. Propellant Settling During Parking Orbit 
Coast Phase,  Excluding Periods of V 
Engine Operation Defined in (a) Above 

A and a. Attitude Control During Centaur Coast 
1 ,  2,  3 ,  4 

P Phases , 

1 ,  2 

Continuous, 
Two Engines 

Intermittent , 



NOTE: ARROWS INDICATE DIRECTION OF FOXCE 



SECTION 9 

FLIGHT CONTROL SYSTEM + 

\ 

The Atladcentaur flight control system consists of two autopilot sets and the Alinne- 

apolis-Honeywell all-inertial vehicle guidance set. The Atlas autopilot, mounted within 

the equipment pod of the first stage, provides programmed steering of the vehicle from 

launch through separation of the Atlas booster engine package. This autopilot also 

executes steering commands furnished by the second stage guidance set  after Atlas 

booster staging through sustainer engine cutoff. Sequential switching operations, as 

required by'the first stage, a re  provided by the first stage autopilot programmer. 

The Centaur autopilot is mounted on the forward bulkhead of the second stage and ac- 

complishes the following functions: 

a. Stabilizes the Centaur vehicle during second stage flight. 

b. Executes guidance system steering commands. 

c . Provides switching sequences, a s  needed. 

The all-inertial vehicle guidance set located on the Centaur stage will generate pitch 

and yaw steering signals to the autopilots for flight control from booster engine cutoff 

(BECO) plus 8 seconds to termination of the Centaur retromaneuver, The guidance set 

will issue the primary discrete for booster engine cutoff and Centaur main engine cut- 

off. 

9 . 1  ATLAS STAGE AUTOPILOT 

The Atlas stage autopilot performs the following functions: 

a. Rolls the vehicle to the required launch azimuth. 

b. Pitches and yaws t.he vehicle according to predetermined programs. 



d ,  Gc~lerates liincd sequences m d  s:viiitching funclioirs a s  i.ccpircd fcr vehicle eonf,r-if. 

9 . 2  ATLAS BOOSTER ROLL PROGRkl\l 
-------*=- 

The A t l a s / ~ e n t a ~ r  launch pad, Co~nples 36B, is aligned along a11 azimuth of 115 de- 

grees,  and since the vehicle pitch-over maneuver is restricted to the vehicle refer- 

enced pitch plane, a roll nlaneuver inust he executed prior  to the teri~lina.tion ol: vertic:ll 

,, r i se  in order to achieve the desired azin1ut.h. AC-14 will have a launch azimuth somc- "--' irhere between 78 and 1 1 5  degrees, depending on launch day and launch time. The 

AC--14 Firing Tables, Reference 2 ,  should. be cousulted for launch azimuth and launch 

time relationslxip for each Iaw~ch d2y. Table 9-1 presents roll maleu-ver data. Tlze 

times a r e  referenced to 2-inch motion. A counter-cloclavise rol l ,  when vienred from 

above the laluxchcr, is defiiled a s  a positive rate. 

TIME ROLL RATE 

(see) (deg/sec) 
C.C -w-s-*s--m-m-.- 

o -2  o 
2 -15 Launch-Day and Tima Depe~ldeilt 

9 . 3  ATLAS PlTCH AND YAlV PROGRRPv%3 --~- - --a- 

The Altas autopilot Elas a basic pitch program (PPS.8 1) a_nd a hstsic yaw program (YPO) 

1 .  t o  i t  To make alJ.o~va.~~.ce for sensorial wincl chmp;es ~ii3.d ile~lce maxi116.ze f ntnlcll 

av,7ilabiljt::y> several delta pitch a ~ x i  c1elt;z yam7 proc;L.aii2s arc avai.lab!e for trse jsce 

Tahles 9-2 and 9-3), 'I'liese del.ta pr.ogrrt~.ils a r e  aci:ic.d i;o 1;Iic basic 0r.oS-rains ),y t!):, 

C(:!lka~l: t:ui.t{snce s ~ ~ { : i ; l ~  2s ~ '~ ; [ ! ! t i y~ :~ l ,  A:- c)i) f]j.L: tj;;~] {jj: ]cj-j>L-k<.:].js ~ ~ 9 j ) l ( ~  s<!~j.~:<i.j.l-:f;;; ;>r(; . i :;j '<.!l 

I;:) dc:ic:yn)jn e Thc! j;eqri.i;.cc{ tjcl~~;,-~j<;cj-j :;]id J t l$ ;L- .~ i - - - -  ' ~ 5 . j '  r v -  j,e.<jr,L-r;i-l>s - it , . - .  [,() joz<j ji.;t(j t , \ j < ~  (:( , i ' I !2!11~ 

~ ~ ~ . I ~ c ~ ~ ~ I ( ~ < :  ~ : ~ J r ~ j { , < ; ~ ~ ~ f  IT<);; f ; ~ ~ . j ~ { j ~ ~ , ~ . i - ~ < ~  <> L~ ljz.yjc>:j<{ ~ ~ , ~ ~ < ) j ~ f , ~ . ] ) . ~  ~)~~> '~J( )~- ;{ ; : ;  t]lc: ]j;~$$,c ljii,(:!i :;:ld :;'>!';,' 

~ j ~ , ~ ~ ; ~ ; ~ p . ~ ~ ~ i y ,  i,zkfc~--<.: \lc. u d 2  i o  C?*? I?:Pl<3I. LC;.<; -l.ri-"Ca 



Table 9-2. Pi ;( h ~ r o g a m s '  

!?ATE RATE-' 

( d r . ~ ,  PCC) 

5,-? ::r>n.\.c...:ion: I: p~lsitivc ( 4 )  rntc turns the vehicle nose down whereas a negative (-) r rte turns it  nose up. 

DELTA PITCIT TOTAL PITCH DELTA PI  ' C  11 TOTAL PITCIl 
PPlOl 

DELTA PITCIl 
RATE 

>"p141 

DELTA PITCII TOTAI. PITCli 
iZ!l'TF: RATE 

TOTAL PITCI 

(dcg/sec) , (c!cg ,sccj (ticyltscc) (deg/scc) (dcg/sec (deg/sec) (dcgjscc) (deg/scc) 
RATE RAT F, 



1 Sign convention: A positive (+) ra te  turns the vehicle nose left whereas a 11egati1.c 
(-) ra te  turns i t  nose right. 

TIME 

(set) 

0-1 5 

154.25 

25-45 

45-50 

50-60 

60-+7 5 

75-79 

79-89 

87-103 

103-130 

2 The basic yaw program. 

YPO" I YPG 
- 

YPF," 
---a- -- - -. 

DEI,TL1. YASV DELTL! IViIV I3 E lArI,'i Y.', v; 
RA rr l3 RATE 

(deg/sec) (deg/sec) 
- --- - - 

0 0 

0 0 

0 +O. 02 

0 -0.20 

0 +O. 07 

0 0 

0 +o; 1 0  

0 +0.08 I 

0 +O .04 I 
1 
i 

0 +O. 04 I 
130-BECO i 0 -0 .01  I 

- I 
__-"i 



1 0 . 1  TVEIGIiT DATA --- 

A weigl~t  brealtclowil f o r  the AC-14 launch configuration i s  presented in Tables  10-1 

through 10-3. These weights were  obtained f rom Reference 4 and ref lect  the configura- 

tion s ta tus  as of 21 August 1967. 

Tab l e  10-1. AC-14 Launch Configuration WeigI-it S ~ ~ n i l n a r y  

INCREMENTS 

C D A  Pr;.rTp h 17T C V D A  R A 'T'T;.T>k 
1 

- -- . - I 

CENTAUR TANICED W I G H T  

L e s s  Ground Boiloff Weight 

CENTAUR GROSS LAURTCW TVEIGWT 

ATLAS TANKED LVEIGIIT 

L e s s  Ground Expe~idables  and R e -  

ignition GO2 Loss  

ATIAS GEOSS LAUNCZ RrEIGEiT 

COMBINED VEIIICLE GROSS WEIGHT 
INCLIJDING SPACECnAFT 



Table 10-2. Centaur Stage Weight Summary 

- 
ITEM 
NO. DESCRIPTION 

CENTAUR TANKED WEIGHTS* 

Centaur Jettison Weights* 
Centaur Dry Weights* 
Basic Vehicle Weight 

Body Group 
Basic Structure 
Secondary Structure 

Propulsion Group 
Main Engines 
Fuel System 
Oxidizer System 
PLIS and PU System 
HZ02 System 

Guidance Group 
Guidance System 
Autopilot Systenl 

f - = ~ ~ + y q i  1 : ~ p ~ * n  

Hydraulic System 
Attitude Control System 
Ullage Motors 

Pressurization Group 
Electrical Group 
Separation Equipnlent 

Useful Load* 
Flight Instrumentation 

Range Safety System 
Azusa Traclting System 
C-Band Tracking System 
TLI\/I RF System No. 2 
TLM R F  System No. 1 
Guidance .Signal Conditioner 
P&WA Instrumentation Boxes 
Latldline Systems 
General TLM Equipment 

h.liscellaneous Equipinent 
TLRI R F  System No. 4 

- - 
.i'L)oes not include spacecraft wcight. 



Table 10-2, Cetitaur Sbge Weight Sui-i~m;:z.y, Conid 

SO. DESCRii7'YI'JON fib) 
m-,dEs-&-a--&- - --*-a- S & F O  ~~~d-e~LPz-A--%z a - ~ ~ - ~ x s . ~ ~ ~ ~ L  7 ~ & ~ d ~ ~ * - ~ ~ ~ - - * ~ ~ - a a ~ x ~ - z = ~ ~ ~  

Destruct Installation - Survejror 
Spectrometer Jnsbllatiou 
Spacecraft  Adapier and Ecpipment 

Residuals 
Propellants 

LN2 Trapped 
LO2 Trapped 
LH2 PU Residual 
LO2 PU Residual 
Gaseous H2 
Gaseous O2 

I-Iydrogen Peroxide 
Retroixaneuver - Attitude Control 
Trapped 
Reserve 
Col~tingency 

-. - . 
ntliltilrt 

Ice 

C e n f a ~ r ~ e ~ ~ d a b l e  s 
Propel lants  
Main Inipul s e  

0; I 
Gas Boiloff 011 Ground 

& 

Infligllt Chilldo~vn 
112 

O2 
Boost Phnsc  Vci~i, 

112 

O2 
SusTnj:~er i31i:i se Vcrit 

J12 

o2 



Table li)-"2. Ceni,aul= Stxge Weight S~ in~ ixnry ,  Contd 

ITEM WEIGHT 

NO. DE:SCL2T Pr?ION (1 13) 
*s--e*z ~ s ~ - ~ ~ ~ ~ ~ - w s ~ ~ ~ ~ - ~ - ~ ~ ~ z ~ ~ = ~ ~ ~ - - ~ ~ ~ - s ~  LmE7-zz - & - Y - s r ~ E & - % i - * ~ ~ ~  ~~~?~ ~-A~w-:"-&--?zSs~ 

Engiile Decay - Fi r s t  Burn 

H2 
0 2  

Engine Decay - 2nd Burn 

H2 
0 2  

Parking Orbit Vent 

H2 
0 2  

Parking Orbit Lealcage 

H2 
0 2  

I-Iydrogen Peroxide 
Roost Pumps 
Ullage + Control Motors 
He I ium Er:pended 
- .  -- . - .  - . -- 
~ ~ U L ~ ~ I J I I l ~ I I I .  t l t d 1 , ~ ~ ? > ~ > 1 1 Y U  1 1 1  1 3 C I t J h L  YlIiLhE'? 

Nose Fairing 
Insulation Panels 
Ablated Ice 



Table 10-3. Atlas Stage Weight Summary 

ITEM .I+ WEIGHT 
NO. DESCRIPTION (lb ) 

ATLAS TANKED WEIGHTS 
Sustainer Jettison Weight 
Sustainer Dry Weight 
Sustainer Residuals 
Unburned Expendables 
Inter stage Adapter 
Unburned Lube Oil 
Booster Jettison Weight 
Booster Ilry Weight 
Booster Residuals 
Unburned Lube Oil 

.A 
3  Atlas Expendables 271,189 

3 . 1  Flight Expendables 268,183 7 
3 . 1 . 1  Main Impulse (267,977) f 

RP-1 83,123 
I -- - ' - 3  a - 4  - 

- - - - 1-I- ZB-1 pvp pp -- 

L 
i -a 3 . 1 . 2  Helium-Panel Purge (GI 

3 . 1 . 3  Oxidizer Vent Loss (15) 
'>  

? 3 . 1 . 4  Lube Oil (185) 
-A 3 . 2  Ground Expendables * 2,556  

3 . 2 . 1  Fuel (54 0) 
3 . 2 . 2  Oxidizer (1, 709) 
3 . 2 . 3  Lube Oil (3) 
3 . 2 . 4  Exterior Ice (54 
3 .2 .5  LNZ in Helium Shrouds (250) 
3 . 3  Preignition GO2 Loss 450 

. -- - -  - 

* 2 .06  seconds ground run time. 



GDC -BKM67 - 064 

10.2 PROPELLANT LOADING . 

10.2.1 ATLAS PROPELLANT LOADING 

Atlas 'propellant loading calculations a r e  summarized in Table 1 0 4 .  The main impulse 

propellants a r e  calculated by subtraction of the unusable propellants from the initial 

tanked quantities. 

Table 10-4. Atlas 'Psopellant Loading Calculations 

ITEM FUEL OXIDIZER 

1. Total Tank Volume 1, 705. 84 ft3 2,726. 22 ft3 

2. Line Volumes 

3. Total Available Volume, (1) + (2) 

4. Ullage Volunle 

5. Net Tank Volume, (3) - (4) 

6. Propellant Density 

7. Net Tanlwrl Pyn-l l~ntc /E\  v lc\ - + 1 \ ' I  

8. Non-impulse Propellants 

a. Ground Main Tank Vent 

b. Ground Run 

c. Inflight Vent 

d. Booster Engine Liquid Residuals 

e. Sustainer Engine Liquid Residuals 

f. Vernier Engine Liquid Residuals 

9. Propellants Contributing to  NPSH a t  Liftoff 

(7) - (8) 

10. Vaporized Liquid 

Net NPSH Expendables a t  Liftoff (9) - (10) 83, 530 lb 185,193 lb 

A t  25.0 psia Phase I1 pressure 
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10.2.2 CENTAUR PROPELLANT LOADING 

Centaur propellant loading calculations a re  summarized in Table 10-5. The main im- 

pulse propellants a r e  calculated by subtraction of the unusa l e  propellants from the 

initial tanked quantities. 

- - - - - 

Table 10-5. Centaur Propellant Loading Calculations 

-- -- - 

ITEM FUEL OXIDIZER 

3 3 
I. Total Tank Volume 1,265.40 ft 375.71 ft 

2. Line Volumes 

3. Total Available Volume, (I) + (2) 

4. Ullage 'Volume 

5. Net Tank Volume, (3) - (4) 

6. Propellant Density 

4, Net j.acl~eci P ~ c ~ u e i i s i ~ ~ h ,  (:3! n' i0 )  

8. Non-impulse Propellants 

a. Ground Vent 

b. Boost Phase Vent 

c. Sustainer Phase Vent 

d. Coast Phase Vent 

e .  Coast Phase Leakage 

f. Engine Chill 

g. Vaporized Liquid 

h. Trapped Liquid 

i. PU System Bias 

j. Engine Shutdowi~ Loss 

9. Net Main Impulse, (7) - (8) 

A t  20.25 psia tanking pressure 

a At 30.50 psia tanltiilg prcssure 



SECTION 11 

AERODYNAMICS 

The gross vehicle aerodynamic coefficients applicable to the AtIas/~entaur a r e  docu- 

mented in Reference 18. These data a re  based primarily on results of six-component 

force and moment tests of 1/35 scale models .conducted at the Convair high-speed wind 

tunnel. Testing was conducted for Mach numbers betweeno. 62 and 4.36 which covers 

the period of flight when aerodynamic forces and moments a r e  greatest. To cover the 

complete Mach number range, the test data were extrapolated by empirical and . 

theoretical methods. 

The coefficient of total vehicle aerodynamic force is normally resolved into three' 

mutually orthogonal components that a re  aligned axially and laterally with the vehicle 

longitudinal axis. From a performance viewpoint, however, the two most significant 

r;-J;lq v.l~i,l~ ,x .,A - c L.VL re-%- ,.w - --- ....- - - pjr -L--- nTrj-,? ,L- t . q - 1 ~ 1  o,-,-J L-_-- +I-.- ..-- -- . W.-,T-TJ --L.-  /-;+-~,--~.v-_r\\ f y n n  TLk_?. 
\I ,- - I 

axial force is defined as positive when it acts to retard the forward motion of the 

vehicle. Normal force is defined as  positive when it acts in the upward sense. 



11.1 AXIAL FORCE 

During the booster phase, the drag model for At ladcentaur  divides the total aerody- 

namic axial force into a component that is dependent on ambient dynamic pressure and 

a component that varies linearly with the ratio of ambient static pressure to sea  level 

ambient pressure. A time-varying force to account for launcher holddown and base 

suction has also been incorporated; this retarding axial force is applied during the 

f i rs t  10 seconds of flight (measured from liftoff). 

During booster phase of flight, total aerodynamic axial force is calculated by means 

of the following equations : 

'Axial force = CA(q)(S) - 4500 (1 - P/P ) + H 
0 

for t < 10 seconds, and 

Axial force = CA(q)(S) - 4500 (1 - P/P ) 
0 

where CA = q-dependent axial force coefficient 

q = Free-stream dynamic pressure ,  psf 

S = Reference a rea ,  78.5 ft2 

P/P = Ratio of ambient to sea-level static pressure,  psf/psf 
0 

t = Flight time 

H = Combined holddown and base suction force, lb 

During sustainer phase of flight, total =ial force is simply 

Axial force = CA(q)(S) 

CA is presented versus  Mach number in Figure 11-1. This coefficiellt reflects 

changes to the original ~ t l a s / ~ e n t a u r  base drag component of axial force. 

The t e rm  4500 (l-l?/po) in  Equations 11-1 and -2 is a booster-phase, base force 

component of axial force that is a Fdnction of free-stream static pressure, where 



4500 = Vacuum base thrust, lb 

P/P = Ratio of ambient to sea-level static pressure, psf/psf 
0 

The holddown and base suction force, H ,  is plotted in ~ i ~ u r c e  11-2 as  a function of 

time from liftoff. The analytical expression for this force i s  

H = Retarding axial force = 41.290 (10 - t) 2.3917 

where t 10 seconds of flight, 

H = Retarding axial force, lb. 

Implicit in the above discussion is the assumption that the total angle of attack, aT, 

i s  very small. This assumption i s  justified since axial force i s  essentially constant 

with angle of attack (within the permissible range of angles of attack for A t b s / ~ e n t a u r  

vehicles) . 
For a detailed discussion of the new Atlas /~entaur  drag model see Reference 19. 





. fa 
! -  

rid 

TIME FROM LIFTOFF, t (aec) 

Figure 11-2. ~ t I a s / ~ e n t a u r  Nolddown and Base Suction Force 



11 .2  NORMAL FORCE 

Normal force coefficient is presented in bvo components, v iz . ,  the component a t  

ze ro  angle of attack, CNO, and the component that-varies w i t r  angle of attack, CN*/&. 

The total normal force i s  the sum of the hvo components: 

where a! = Pitch-plane angle of attack, deg 

q = Free-stream dynamic pressure ,  psf 

S = Reference a r e a ,  78.5 f t  2 

N = Normal force,  lh 

CNO is plotted in Figure 11-3 a s  a function of Mach number. CN*/a, per  degree 

a ,  is presented versus Mach nwnber i n  Figures 11-4 and 11-5. 

















PHYSICAL AND ATltTOSS'LIEIXLIC Dl?bri'i$ - 

This section presents the physical and atmospheric data used in generation of earth- 

moon trajectory simulations. 

12 .1  EARTH DATA 

12 .1 .1  EARTH MODEL 

The geometric form of the earth assumed j.n trajectory simulatjons is the Fischer 

earth model (1960), Reference 21. Constanl;~ defining the earth model a r e :  

Equatorial earth radius, 

A = 6,378.166000 kilometers (exact) 

= 20,925,741.47 international feet 

Flattening, 

B 
f = Fla+tk&lzg = 1 - - = 1/298.30 

A 

Polar  earth radius,  

= 20,855, 591.48 international feet. 

12 .1 .2  EARTII ROTATION 'RATE - 

The earth rotation rz te  ( ~ c :  ,) ascurned, Reference 2 1  , is given by 
h 



12. 4 , 3 P:ARITqH Pi?'I'ENTlb.,I, l"UIdC?'TON ------ ----.----, - - 

The poli.:~iit?J fihliictlan of liia earth ascurned, R o f c ~ e ; ~ c e  21, io gl~rcn by 

/--. ' 
,. / where, 

R = Geocentric radius 

@ = Geocentric latitude 

J 
-3 

= 1.62345 (+O. 00030) x 10  

H - 5 - -0.5'95 (50.025) x 1 0  

D = 0.7875 (tO.0076) x 



The 1:iunch pad coordinates for  ETI'L pads 36A and 3623, referenced to the eal"c11 nlodcl 
described i n  Section 1 2 . 1 . 1 ,  a r e :  L1< 

GEOCENTRIC WEST GEODETIC 
P A D  I,ATITUBE (deg;) LONGITUDE (deg) TIP ANGLE (dcg) - - 

, 1 2 . 5  ATMOSPHERIC PROPERTIES 

C T L ~  - n t m n c * ~ l r n - . i n  mnrInI ,~cnJ in  t r ~ i ~ r t n r l r  qin?~l laf ionc:  is hs.qp(-l on data  from the Patr ick 

Reference Atmosphere and the 1959 ARCD i\4odel Atmosphere given in References 22 

and 23.  Equations relating p re s su re ,  dens iQ,  and temperature to altitude a r e  pre-  

sented in Keference 24. 

ETR rvind profiles a r e  presentetl in Fig.,rures 12.-1 I:hrougl~ 12-13. Tlie W i ~ l d  p1.ofilcs 

rel,pspllt, meall iiIo:lthly statistical \:ginc] (1istvibul;icin mens~ircc! ::t P:~l;~*icl< : ' i i~  1'orc:c 

/ -  

1-?.;1s( , !;'loriti:i. 'rllt. \t;i.i-i:l prnfj.les : ire clocux~?::ni;i?tl i n  Ti ::fi!r.erl(:t. ,i : t .  





WIND VELOCITY (ft/sec) 

Figure 12-2. January ETR Wind Profile 
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12.2 MOONDATA 

12.2 .1  MOON POTENTIAL FUNCTION 

The potential function of the moon assumed, Reference 21,-is 

GM 

R [i +J(>r (+ - s in2p)  
@(R,  /J, A )  = - 

2 

+ L ( 2 )  cos 2 p cos  2 X I 
where,  

3 3 2  
GM .= 4.9027779 x 10 km /sec  

m 

R = Mean lunar rad ius  = 1738.09 km 
m 

R = Selenocentric radius 

p = Selenographic latitude 

= Selenographic longitude 

12.2.2 MOON ROTATION RATE 

The  moon rotation r a t e  (w ) assumed,  Reference 21, is given by 
M 

where T is the number of Jul ian centuries of 36,525 days f rom 1900 January 0.5 U. T. 

(Julizn date = 2,415,020.0). 
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APPENDIX A 

-* 

The purpose or' Appendix A i s  to c,et forth a l i s t  of conversion factors  current ly in use  

for  t ra jectory computations. These  conversion factors ,  obtained fro111 Reference 21,  

a r e  presented in  Table A- l  . 

Table A-1. Conversion 1L':ictors 

Inches ' 

Fee t  

Statute Mi1.e~ 

Nautical Miles 

Centimeters 2. 54 

Meters  0.3048 (Exact) 

ICilometers 1 . 6 1  

Kilometers 1.852 

Fee t  BU'16;. J 155 I 
2 2 

Feet  /Second 
2 

Meters  /Second 10.7639103838 
- I 




